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Title 

A METHOD FOR IDENTIFYING A DISPLAY MOLECULE 

Various patent and non^patent references dted In the present application are 
5 hereby Incorporated by reference in their entirety. 

Technical Field of the Invention 

The present Invention relates to a method for Identifying from a fibrary a 
display molecule having affinity towards one or more molecular targets. The 
10 display molecule Is a part of a complex also comprising an identifier 
oligonucleotide that codes for said display molecule. 

Backoround 

Traditional dnig discovery begins with a patholc^lcal phenomenon hi an or- 
1 5 ganism and the development of a therapeutic theory to combat this. A chemi- 
cal concept follows to produce compounds for screening. Most of the proc- 
esses for curing the pathological phenomenon originate with the understand* 
Ing of some biological pathwa)^ and screening for an effect in tissues or 
cells. This may or may not eventually reveal a la^ef . The target can be 
20 Identified by various conventional methods, including protein expressing, pro- 
tein chemistry. structure-funcOonal studies, knowledge of biochemical path- 
ways, and genetic studies* 

In rscent years, genetic information has increasingly guided the Identinoation 
25 of molecular targets. These are derived from tiie knowledge of the genes of 
spedfic cell phenotypes that encode proteins that may be Involved In the 
pathogenesis of a (^articular disease state* 

A lead is a compound, usually a small organic mcdecuie that demonstrates a 
30 desired bldogical a^vity on a target. Usually, a collection of compoiknds, 

referred to as a Hbrary , is screened tiefore a useful lead is Identified. Today, 
many libraries are commerdaliy available or open to public. Most phanna- 
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ceutical companfes house their own compilation of compounds that have 
been synthesised over several years and screened a^Irtst a variety of tar<* 
gets. 

5 Each compound in a library must be screened by an appropriate assay 
iiiyafrisi Uie target TecTtnlques Tor handling the screening of several tfiou- 
sands compounds simultaneously have been developed and are generally 
relbrred to as high-throughput screening tecfihiques. To push the limit of 
compounds possible to screen simuttaneouslyi different manufactures have 
10 been developing instrumentation capable of handling multiple micro tjter plate 
formats on the same platfbmri using 384 and 1536^e]l plates. Advan^ces In 
small volume liquid dispensing and pipetting, reliable handling of stai^dard- 
teed plates and simplified assay formats all have made an Impact on the rell- 
abiti^ of the high-throughput screening process. 

15 

However, high-throughput screening has the disadvantage that each, of the 
compounds has to be positioned in spatially discrete regions, usually In wells 
of a micro titer plate In order to observe an Interaction wifli a target If more 
than a single compound is present, H is not feasible to discern which com- 
20 pound displaying the appropriate biological activity. Thus, tiie fLiU power of 
coml>lnatorlal chemistry cannot be applied because a collection of com- 
pounds usually is produced in a single container. 

To be able to select a possible lead compound in a collection of compounds 
25 placed In the same container, libraries of blfunctional complexes have been 
evolved. E&dh blfunctional complex In die library comprises a potential lead 
compound coupled to an identifier oligonucleotide sequence. The identifier 
oligonucleotide sequence is suitably a nucleic acid which identifies tbe poten* 
tiai lead compound. When a library of bifunctional complexes is screened 
30 against a target one or more of ttte potential leads may bind to the target. 
After removal of tiie remainder of the library, tiie binding^Munctional com- 
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i 3 |! 
plexes can be eluated and the lead compound Identified by sequenping the 
Identifier oHgonucIeotlde* 

Various techniques for producing bifiincGond compiexee are known from ti^ 
5 prior art Some attempts to fbrm the complex comprising a molecule as well 
as iUi^nUner uligunucteotlUe UibI cudes iherefbre, are based on the aplit- 
and-mlx principle known from combinatorial chemistry, see B.g. WO 
93/06121 A1. EP 643 778 B1« and WO 00/23458. 

1 0 Other attempts have focussed on the fonmatlon of encoded protons using the 
natural machinery of a ceO and connecting the formed protein with the tern- 
plate nucleic add that lias coded for the amino add components of the pro- 
tein. Exempies of suitable systems are phage display, E. coll display, ribo- 
some display (WO 83/03172), and protein-mRNA-fusions (WO 98/31700}. 

15 The geneUo Information of ttie nucleic acid, usually mRNA or DMA, inay not 
necessarily be decoded between each round of selec&on to establish the 
identity of fhe chemical entities ttiat has formed the protein because the nu- 
cleic add can be amplified by kriown means, such as PGR. and processed 
for the formation of a new library enriched in respect of suitable binding pro- 

20 tains. < 

itecently. a method for encoding molecules has be&n suggested, wttfch can 
be performed In several selection rounds without intentiediate decoding, 
wherein the encoded molecule te not restricted to peptides and proteins. WO 

25 02/0041 9 and WO 02/103008 disdo^ methods for preparing virtually any 
molecule connected to an identifier oligonudeotcde coding for diemi(^ enti- 
ties which have reacted to form the display molecule, in short, a template 
segregated into a plurality of codons and a plurality of tniilding btocics com- 
prising a transferable chemical entity and an antlcodon are initially provided. 

30 Under h^disaton conditions* the template and building bfocks are W 
nealed together and the chemical entities are subsequently reactetf to form 
the molecule. ^ ^ ' 



I 



10 2009 ONS 10:30 FAX (a008/gyiO 



The present inventipn aims at providing an efiRcient method fbr Identifying : ( 
display molecules having affinity towards a target using a lltufary of blfuno- : - 
tional complexes. 

5 5 
Sunimiiry of the Inventipn i 
The present invention concerns a method for Identifying display molecuie(s} 
having affinity toweurds molecular target(s), cdmprlsing the steps of 

mixing one or more molecular target(s) associated with taiget oligonu- 
10 deotIde{8) and a library of bllUncttonal complexes, each biftihctlonal complex 
of the Dbraiy oompifslng a display molecule attached to an idenUfler oligonu- 
cleotide, which codes for said display molecule. 

coupling to the target oligQnudeotide(s) the identifier oligonudeotide 
Of complexes comprising display molecules binding to the target, and 

19 dedudng the iden^ty of the binding display motecule(s) and/or the mo- 
lecular target(s) from the coupled product between the identifier oligonudeo- . 
tlde(s) end the target ollgonucieotlde(s). : : £ 

The Invervtion is based on the rsallzafionithat a dose proximity of the identi* : ^ 

20 fier ollgonudeotldes relative to the target oligonudeotide is obtained when a :. 
display molecule has binding affinity towards a target and therefore, will ba . 
more prone to be coupled to the target oligonudeotide compared to identifier ? 
oligonucleotides of complexes not comprising a dter^ay molecule having af- 
finity toward the target The tendency to be coupled togefl^er depends on 

25 various fiaotors such as (1) the affinity of the displayed mdecute towards the 
target, (2) the length between the displayed molecule and the coupling point 
on the Identifier oligonudeotide sequence as well as Uie length between the 
target molecule and the coupling point on the terget sequence, and (3) pos- 
sible steric effects resulting from the nature of the target or the oligonudeo- 

30 tides. The proximity effect, and thus the power of selectivity, will increase wHh 
higher local concentration of ends of nudeotides tobe C9upled together. 
Thus, various embodiments of the present invention may be envfeaged to 
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fine-tune the local concentration of the ends of the oligonucleotides, including 
appropriately selected lengths of target and identifier oligonucleotides, site of 
attachment of the target ollgonucieofide to ttie target relative to the binding 
site of the display molecule, and size of target . ^ 



5 



The molecular target may be of a biological origin or may be a synthetic mo- 
lecular target Typically, the molecular target stems from an oiganism se- 
lected from human and animals, especially vertebras. However, in other em- 
bodiments the target may originate from a plant. In the quest for a compound 
^ 10 with therapeutical effect on the human or animal l:iody , the target is usually 

expected to have an importance in a therapeuticaily theory that combats a 
certain disease. In the quest for discovering compounds with plant protective 
effisct, the target is usually expected to originate from an organtem that harms 
the crop or a competing undestred plant The organism may be a fungus 
15 when a compound with fkjngidde effect is searched for or an insect when a 
compound having ir^ectlclde effect is desired* Optionally, a protein target 
stemming from a biological origin may be derlvaUsed by altering, adding, or 
deleting one or more amino acids. . 

20 The molecular target may be a protein, a small molecular hcxrmone, a lipid, a 
pdysaecharide, a whole ceil, a nudeic add, a metabolite, a heme group, eto. 
In a preferred aspect the target is a protein. The protein may serve the funo- 
I tlon in the organism of t>eing an'enzyme, a hormone, a structural el^ent. a 

regulatory protein, a mend}Fane' channel or pump, a part of a signal transduc- 

25 Ing cascade, an antibody, eto. Suitable target enzymes include kinases. 

pliosphatates, and proteases. The pmtein may occur as an independent en- 
tity or may be dimers, trimers, tetramers. or polymers and the protein may 
comprise a prosthetic group. Aiso» the target may be a fusion protein having 
two or more funoSonaiities. Furthemnore, the moiecailar target nrtay be a soki- 

30 ble or insoluble agglomerate of one or more proteins and one or more sut>- 
stHuents occurring in the body or artificial componento. in another prefened 
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embodiment, the molecular target is a nucleic acid, such as DNA or RNA ap- 
tamerorribcxsyme. 

The taiflet may be Immobllteed to a support or be present as a solution or a 
5 emulsion, as appropriate. The target optionally immobilized on the support, 
may also form a stable or quasl-stabfe dispersion In the media, in a certain 
embodiment, the target is in solution and all the 'reactions occur In the solu- 
tion too. The absence of an ImmobiliMtion step reduces the background 
noise because there is no badcground surface to associate to. Thus the re- ' 
1 0 suit of the assay may be more sensitive. In solution* the only background 
noise imaginable is when the ollgonudeolides or display mblecules of the 
library of complexes binds unspecffic to the target molecules or the target 
oligonucleotides. The absence of an ImmobBization step generally necessi- 
tates a subsequent recovery step, eg. ohromatc^raphy. 

15 

In certain aspects of the Invention, it Is preferred to Immobilize the molecular 
target on a solid support The solid support may beads of a column or the 
surface of a container. The Immobilisation of the molecular target may ease 
the removal of the non4)inding comple3«s by washing or similar means. In a 

20 certain embodiment, a deavable llntege between the molecular target and 
the solid support is present The deavable linker is prefsrably seledivety 
deavable. that is. the linkage can be cleaved without deaving other linkages 
in the target or the complexes. The deaVage of the linkage between the mo- 
lecular target and the solid support may reduce the contribution trom the ^ 

25 background, such as complexes associated with the surface of tiie solid sup- 
port and not binding to tiie molecular target. 

A single or a multitude of different molecular targets may be mbted wrth fte 
library of complexes. If two or more different targets are mbced wifli flie library 
30 of complexes It is appropriate to provide ttie molecular targets vrttii a genetic 
sequence coding tbr the Identity of ttie target In question. Proving flie targets 
witii identifying oligonudeotides allows for a simultaneous decoding of the 
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binding partners, i.e. the molecular target and the display molecule. The si- 
muRaneous decoding is not only suitable for findhfig binding partners. It to 
also valuable for finding a possible cross-btnding interaction or to find other 
display molecules competing for the same target Furthemnore, appropriate 
5 selection of display molecules and/or molecular targets, can generate useful 
ifiruiinallun fur preparing a slruBture-acUvily relaUonshIp (u«>ually abbievlaled 
SAR). 

The molecular target may be obtained In any suitable way. A variety of tar- 
10 gets are commercially avaUabie, either as purified protein or as ttie qonre- 
sponding cDNA. Other protein or peptide targets may be isolated finom tis- 
sues or mRNA (or the corresponding cONA) may be retracted firom a tissue. 
Smaller peptides may be synthesised chemicaily u^g the standard soiid- 
ph»e Fmoc peptide synthesis. When nudeic adds are used or included in 
15 the molecular target, it may t>e syntfieslsed using the standard amedite syn- 
thesis method or by using the natural machinery. 

The target can be associated with ttie target oligonucleotide using any suit- 
at)le means and the assodatlon may involve a covsdent or non-covalent link- 

20 age. In an aspect of the Invention the oligonucleotide is associated with the 
target utilizing a chemical syndesis. A protein usually comprises several 
groups that may be fUncHonalized and used as attaching point As ^mples 
the aide chain of lysine contains an amino group, the aide chain of serine 
contains a hydroxy! group and the side dtain of oystein contains a thiol 

25 group, all of wTuch may serve as anchoring point for a target oligonudeotide 
comprising e.g. a carboxyHc acid group, 'in another aspect of the inyerrtion, 
the protein target Is fused to a t^« such as a His4ag, Flag-tag, antibody, or 
streptavidin. The tag can be selectively recognized by an anti-body or small 
moleode such as blotin or dinitrophenol. The antl-l>ody or the small- molecule 

30 is attached to Vt\e target oligonucleotide, thereby ensuring an efRcient cou- 
pling of the rnoleoular terget to the target drgonudeotide. 
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The target ollgonudeotlde can be associated to the molecular target ^through 
a deavable linker. The deavabie ilnlcage can be used to separate the target 
oligonucleotide from the molecular target or the coupled product from the 
target et a point in time following the contacting between the target and li- 
brary of complexes. The target ollgonucleottde can be distanced from the 
molecular target by a suitable linker, such as a polyethylene linker or a non- 
coding nucleotide sequence. A linker may remedy any interaction that possi- 
ble can be between tiie moleoilar target and the target oligonudeotide and at 
the same time provide suffice space for an em^me to perform its action. 
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A variety or mettiods for association of an oiigonudeotrde to a target J$ avail- 
able for the skHied person In the art An option involves the assodation of a 
target protein with the mRNA responsble for the fomiatlon thereof. This 
method Is generally refenred to as mRNA display. Optionally* the mRMA may 

IS be substituted with the corespondlng cONA. A method for generation such a 
single of a library of fusions between a protein and the mRNA r^poiiislble for 
the formation thereof is disdosed in WO g8/31700. The corresponding DNA 
afi^nd may be attached to the protein using the mettiod disdosed in WO 
00/32823. The contents of both patent applicattons being incorporated In 

20 their entirety by reference herein. The method of WO 98/31700 Indudes pro- 
viding a RNA stand comprising a tnanslatton Initiation sequence, a start 
codon opmble linked to a pn:>tein encoding sequence, and a peptkte aocep- 
I tor at the 3* end and translaflng the protein encoding sequence to produce a 

RNA-proteIn ftiston. According to WO 00/32823 a DNA primer Is covalenHy 

2S connected to the 3' end of the mRNA strand and extended by reverse tran- 
scriptase a to prepare the complementing DNA strand. The original RNA 
strand may be digested by RN^ H. Another suitable method for generating 
a target library Is disdosed in WO 01/90414, the content of whidi is Tncorpo- 
rated herein by reference. ' ' 

in aoccHdance vrith anoO^er optidn. the target ollgonudeptkle is assodated 
with a target using a mettiod gerierally referred to as ribosome dtepiay. Ribo- 



30 
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some display is disclosed in WO 93/03172, the content of which is Included 
herein by reference. A still luith^ option for associetion is a variatidn of ttie 
phage display* in which a target Is displayed on the capsule of the phage and 
a target otigonudeotTde Is connected to the same capsule. Sultablyvithe tar- 
5 get oligonucleotide is connected to the capsule via reactive groups po^'oned 
on proteins expressed on the capsule. A suitable reauUve group i^-dH ernci- 
nating from ostein. 

ft* 

A further option for associating the target with an oligonudeotlde Includes the 
10 method disclosed In M. Yonezawa at aU Nucleic add research, 2003, voL 31 . 
No. 19 el 18 (mduded by reference). The method indudes the initial provi- 
sion of a target oligonucleotide connected to blotin and compartmentallzation 
thereof togeth^ with a transcription and translation system. The target di- 
gonudeoflde comprises a fusion gene coding for strepta^in and a target. 
1 5 After the fonmatlon of the fusion protein In each compartment, the streptavidin 
part of the fUsIon protein binds to the blofin moiety of the target oilgonudao- 
tide, thereby associating the target with the target ollgonudeotide. * - 

In case the target Is a nudeic a^d. It may be of the aptamer ^e, an ap- 
20 tamer or a library of aptamers comprteing constant nudeic add reglckis flank- 
ing a ranctom oiigonudaotide pari The landom oBgonudeotide part Serves 
the function of a molecular target in tlie present invention and one or both the 
constant region serves as target oltgonudeotldes. Alternatively, an addlfional 
ollgonudeoGde sequence be adhered to one or both the constant regions 
25 to serve as the target oligonucleotide. The present invention also allows for 
the selection of pairs of aptamers that either binds to each other or binds to 
the same target but to different epitopes. The latter embodiment Is of particu- 
lar relevance when evolving detection assays, where aptemers that bind to 
different epitopes on the same target may be deslrsd. 

30 

In certain erinbodiments, a brfiinclional complex having a display molecule 

binding to the molecular target constitutes the target ofigonudeoVde'assod- 

* ' i: 
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ated with the molecular target The bifiincHonal complexes binding to the tar- 
get and serving to assodate an-oiigonucleofide to the molecular tartfdt may 
be provided prior to or during with the mixing step. In case the target ol^onu- 
deotide Is associated with the rnolecular target during the mixing step the 
5 bifunctional complex may be a member of the library or may be a complex 
added to the mixture. In some eispects of the Invention, the display molecule 
is a compound Icnown to bind id the target. The display molecule may be 
known to bind to the target from the prior art or from preceding screening 
procedures. To find a second or further binding compound, the target is gerv 
1 0 erally saturated with the known display molecule prior to the mixing step. The 
known t>lndlng molecule may or may not be attached to a nucleic add se- 
quence. 

in rase the target oligonucleotide emanates from an identifier oligonucleotide 
15 in the library of complexes, two bifunctlonai complexes of a library of bifunc- 
tional complexes are associated a common molecular target and can be 
discovered dmultaneously. The blfunctlonai ccmiidexes may bind to the same 
binding site of the molecular target or the bifunctional complexes may bind to 
different binding sites. In case ttte trifuncUonal complexes bind to same 
20 bhdlng tites. the display molecules may be connected to each otheir through 
a covalent or non-osvaient chemical bond, e.g. by a technique known as dick 
chemistry. By way of example only, the two <fispiay molecules can be con- 
nected through a disulphide bridge. In aspects of tine invention in which the 
display molecules binds to discrete binding domains on ttie same target 
25 molecule they are usually adhered together after the Identification process of 
the present invention by a suitable linker in order to fonn the effective com- 
pound. 

In a certain aspects of the invention an iterative method for finding the de- 
30 sired compound is applied. An initial display molecule or a pool of display 

molecules with affinity towards a targ^ Is fbund using the present method or 
another method. In the event the affinity Is In the lower range of what is de- 

* 4 
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sired, the initial display molecule is amended by reaction wifh one or more 
chemical entities to fomn a second geneiaCon library, said second generation 
library being used in the metho(j of the present Invention. 

5 In Nature. Wochemfcal components interact In a certain aspect of the pre- 
sent Invention^ twvo or more targets Interacting fn a biological contaj^are 
separately subjected to the method of the invention, whereupon the identified 
display molecules binding to the two or more'largets are lini<ed via d;6urtabie 
linker. By way of example only, blood factors, such as factor Vila and Xa m^ 

10 be prevented or promoted In the their interaction with each other using a 

compound having a pait binding to a first blood fia<Aor and a part binding to a 
second blood factor. In otiier aspects of the Invention, targets are linked by a 
suitable linker, as disclosed in Rg. 10. 

15 A library of molecular targets may be generated by starting out from a Hbrary 
of DNA molecules, usually cDlsiA molecules, and preparing the conespond- 
Ing RIMA strends by a suitable RNA polymerase. In according with a certain 
aspect of the invention, the mixture step therefore includes that a molecular 
target libraiy comprising diffiarerit peptides each attached to the nucleic re- 

20 sponsible for the fbnmatlon thereof is mixed vnth a library of complexes. 

The coupling of the target cligoriucleotide and the Identifier oligonucleotide Is 
promoted due to the relative high local concentretion of the ends ofidlrgonu- 
cleotides. The complexes in sot£iflon, !.el complexes not bund to the:target, 
25 are relatively remote from the taVget oligonucleotide and the tendency of the 
target criigonudeotides to be coCipled to such unspedfic complexes is re- 
duced. Among other tilings, theijnspecific coupling depends on tiie concen- 
tration of the complexes In solutksn. 

30 In an aspect of the invention ttie non-WndIng Itorary membere are »ther di- 
luted or at least parHy removed prior to tiie coupling step. Dilution may be 
performed by addlr^ a suitable bufier and tiie removal may be preformed by 
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vimshtng one or more Qmes vM\ a suitable liquid, such as a buffer. In the 
event the target molecule ts immobinzed on a bead» the beads may be re- 
tained on a filter while non-binding complexes is transported through the fil- 
ter. In case the tai^et is in solution or made in solution by cleavage of a bond 
5 immoblirsfng the target opfional following one or more washing step, the re- 
moval can be perrormed by chromatography, such as size-exclusion chroma- 
tography. 

Thus, in a certain aspect of the Invention, the mbdng step includes the re- 
10 movai of non-binding llbraiy meriib^ prior to the coupling of fiie target oTi- 
gonucleotide and the Identifier nucleotide together. 

it may be an advantage to have all or at least a part of the nucleotides on a 
double stranded form during the contacting with the molecular target, as cer- 
IS tain nucleic adds may perform binding Interaction or a catalyflcal action on 
the components present during the mixing step. Thus, in one embodiment of 
the invention, the target oligonucleotide and/or the identifier oligonudeotlde 
partly or fully Is hybridised to a complementing oligonucleotide. 

20 The coupling may be perfbmned using ariy suitable means that ensures a 
phy^c^ connection. Suitably, the coupling is performed using means se- 
lected firom the group cor^istlng of chemical means, enzymatic means, and 
design means^ 

25 The chemical means for coupling the ends together can be selected^m a 
large plethora. Suitable examples induda that !!> 
a) a first oligonucleotide end comprises a 3*-OH group and the second oli- 
gonucleotide end comprises a 5 -phosphor-2-lmidazale group. When Veacted 
a phosphodiester Intemudeoslde linkage is formed, 

30 b) a first ofigorujdeotide end comprising a phospholmldazollde group and the 
3*-end and a phospholmkfazofide gmup at the S'-^nd: V\ftien rea<^d together 
a phosphodiestor Intemudeoslde linkage is formed. 
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c) a first oligonucleotide end comprising a 3'-phosphorothioate group and a 
second oligonucleotide comprising a S'-iodlne. When the two groups are re- 
acted a 3*-C>-P(-0)(OIH)-S-5' Intemudeoslde linkage !s formed, and 

d) a first oligonucleotide end comprising a 3 -phosphorothioate group and a 
5 second oligonucleotide comprising a 5 -tosylate. When reacted a 3*-0- 

P(sO}(OH>'S^' intemudeoslde linkage is formed. 

Suitably, the target oligonucleotide or a complementing terget oligonucleotide 
I and ^e indentifier oligonucleotide or a complementing Identifier oligonudeo- 

10 tide opeiBtively are Joined together, so that a$ to allow a nucleic add active 
enzyme to rec(%iniZie the coupling area a sulistrate. Notably, in a prefisnied 
enraK>dlment, the couf^ng is performed so as to allow a polymerase 1o rec- 
ognise the coupled strand as a template. Thus, In a preferred aspect, a 
chennical reaction strategy for ttie coupling step generally indudes tHe fonna- 

15 Hon of a phosphodiester Intemucleoside linkage. In accordance with this as- 
pect, method a) and b) above is preferr^. 

The ervzymatic means Is in some Instances preferred because the coupling 
reaction rs specific, i.e. the risl< of side reacHons in virtually not present The 
20 enzymafic means is in general selected finom the enzynnes of the polymerase 
type, ligase ^e, and restriction enzymes, as well as any combination 
thereof. 

LIgases are useful means for the coupling step. Suitable examples indude 
25 Taq DMA ligase, T4 DIMA ilgase, T7 DMA Hgase, and £ CO// DMA ligase. The 
choice of the ligase depends to a certain d^ree on the design of th^ ends to 
be joined together. Thus, if the ends are' blunt, T4 DMA ilgase may bfe pre- 
fenBd. while a Taq ONA Kgase Aiay be prefered for a stldcy end tigjaltion, i.e. 
a ligation in which an overhang bn each end is a complement to eadi other. 

30 

In a certain aspedt of the invenfibn, a connedor oligonucleotide is used. The 
connector oiigdnudeotide has a n^on complementing a distal part of the 
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target ollgonucteotide and a region complementing a distal part of the Idenft- 
fier oligonucleotide. If the ends of the target and identlfler oligonucleotides ^ 
abut each other a ligase can ligate tfia ends together. If a gap existe between 
the ends, a pdymerase may be used to fill the gap and a ligase may subse* 
5 quently perform a ligation. The regions of the connector oligonucleotide com- 
plementing the Identifier oligonucleotide and target ollgonudeotide, respeo- 
ttvely, may Independently be chose, e.g. in the range of 6 to 16 nucleotides, 
preferably In the range of 8 to 12 nudeotides'/ln a particular aspect of Uie 
^ Invention the connector oilgonucleoade Is added In excess relative to the total 

1 0 teirget and Identifier ollgonudeotldes to saturate the ends of complexes not 
bound lo a target 

In another aspect of the invention the cwpting Is performed by design . j 
means. As an exdmple* the regions at the distal ends of the target and rden^ 
1 5 fler oligonucleotides are designed to be complementary to each other. Under^ 
hybridisation conditions polymerase is tlien allowed to ^end the target oil- | 
gonucleoNde as well as the identifier oligonucleotide to obtain a double 
stranded coupled product 

20 StIH another coupling means include the design of tte ends of one or miore 
oligonucleotides wlUi sticky ends. In a certain aspect, the target oligonucleo- 
tide and/or the identifier oligonucleotide Is provided vMy a stidcy end to allow 
I a ligase or a polymerase or a mixture thereof to adjoin the ollgonudeotldas. 

Suitably, the sticky ends can be fonned by a restriction nudease. In e pra<^ 

25 cai approach, the target and the identifier oligonucleotides are infflally double 
stranded and provide at the ends with a restriction site. Following the initial 
contact, the mixture is treated with a restriction nudease to form the sticky 
ends. After sut)sequent removal of the restriction enzyme ftom the mixture, a. 
Ilgifie is allowed to perform its enzymatic action to form a ligation product 



30 



The coupled product of ttie Identifier ant? target oligonudeotides comprises 
the information necessary for decoding tiie Identity of tiie display moleuda . 
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and opbonally also of the molecular target The coupled product may be ana- 
iyaed directly in some instances to revea] the identity of the display molecules 
that have performed an Interacfion with the molecular target As an ^xamptot 
the coupled product may be detached from ttie target-display molecule inter- 
5 action using a cut by a restriction nuclease at positions of the coupled prod- 
udt flanking the informative part. The informative part can be decoded In a 
standard sequencing machine. In general however, it is preferred to include 
the infonmative part of the coupled product In to a suitable vector and transfer 
the vector to a host organism. The host organisms may then be cultivated on 
10 a suitable substrate and allowed to form colonies. Samples ftom the colonies 
may be used for sequencing In a sequencing machine. 



In another approach* the target and/or the Identifier oligonucleotides or se- 
quences complementary thereto at the prodmal end Is provided with a prim* 

15 ing arte* The printing site mey be used for annealing a primer to allow a po- 
lymerase to extent the primer using tlie coupled product as template. Appro- 
priately, the extended strand is designed with another priming site vilhich may 
allow a s^xmd (reverse) primer: to anneal thereto and subsequently: a poly- 
merase to perform an extensiori of the primer to produce a sequencb tdenti* 

20 cai to the coupled product. The ^extension product or the amplification product 
may be analysed direody or be incorporated into a vector which subtequentiy 
is transtbmried'lnto a host organism as explained at)ove. In a certain aspect 
of the Invention, the coupled oligonucleotide is amplffled by PGR using prirrw 
Ing sites positioned proximal to the display molecule and the molecular tar- 

25 get respecttveiy. and flanking the Infonmative part of the coupled product 

Foliowir^ the coupling step» the target-display moleojie conjugate may be 
recovered. Any method that result in a recovery may in principle be used, 
including filtering* washing, eluton. (Aromatography, eta in a preferred as^ 
30 pact the tai^t-display molecule conjugate Is recovered by chromatography 
following the coupling of the teiigiet and the Identiflsir oligpnucleotides. Op- 
tionally, the various recovering rhethods may be combined. As an e^iample, a 

5 :.l 
I il 

« 
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waging or elutlon step nrmy precede the chromatography step. A presently 
preferred diromatography method is ste-exciusion irfuomato^phy. The \ 
chromatography Is usuaHy performed on a sample in which the target-display 
mcriecule conjugate is in scriutlon. In one aspect of the invention* the target 
5 has been cleaved from a solid support prior to the chromatography step. 

In an aspect of the Invention, seiertlve cleavable chemical moieties at each ' 
end of the coupled oGgonudectides are cleaved to liberate the coupled - 
^ oligonucleotides prior to amplification. U&uaUy» the cleavage is preceded of a 

10 step remo^'ng the non-binding complexes^ The liberated product may be re- 
covered as described above and siAjeded to amplification. 

The Invention also pertains to a cor^lugate comprising a molecular target 
associated with an oligonucleotide and a bifuncb'onal complex comprising a 

15 display molecule attached to an Identifier oligonudeofide, which codes for 
said moieoile. Usually, the display molecule part of the complex is bound to 
the target The target ollgonudeotkle and/or the identifier oligonucleotide of 
the conjugate are in a certain embodiment {olned to the molecular target 
and/or the display molecule, respectively, through a selectively cleavable \ \ 

20 Ilnicage. In an embodiment of the Invendm. the target oligonucleotide and fHe 
Identifier oligonucleotide are coupled tcgeHwr. whereby a product is obtained 
wherein a display molecule is bound to the molecular target and the identifbr 
I and target oligonucleotides are coupled together* In a certain aspect the • 

TOupled oligonudecrtide is amprifiable. The amplfflabHity is usually obtained * 

25 through a coujriing that involves a phospodiester intemudeoside linkage. 

The present Invention also extends to a display molecule identified by any of 
the meUiods disdosed herein. 
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Detailed Description of the Invention 

Compyex 

The complex used In the present invention comprises a display molecule and 
an Identifier oligonudeotide. The Idenflfier oilgonudeotide comprises identifV^ 
5 ing moieties that identifies the display moiecule. Preferably, the Identifier oll- 
gonudeoMe Identlfles the molecule uniquely. I.e. In a llt)rBry of complexes a 
particular Identifier oligonucleotide is capable of distinguishing the (riolecule it 
is attached to from the rest of the display mofecutes. 

1 0 The display molecule and the Identifier oiigonudeoHde may be attached dh 
rectiy to each other or through a bridging moiety. In one aspect of the inven- 
tion, the bridging moiety Is a selectively cleavable linlcage. 

The method may in certain embodiment be perfbrmed without ampliflcafion 
1 5 after the coupling step. However when larger libraries are used and the 

amount of separated coupled product oligonucleotide is relatively low, it is in 
general preferred to use an identifier oligonucleotide and a coupled prodct 
which is amplii)able. Identifier oligonucleotides comprising a sequence of nu- 
cleotides may be amplified using ^ndard techniques, like PCR. 

20 

The Identifier oligonudeotide mby comprise two or more codons. The se- 
quence of oodoris can be decoded to identity reactants used in the lidnnation 
of the molecule. When the identifler oligonudeotide comprises more! than one 
codon, each member of a pool of chemiral entities can be Identified and the 
25 order of codons is infbrmattve of the synthesis step each member has been 
incorporated in. i ' 

The sequence of the nucleotides in each codon may have any suitable 
length. The codon moy be a single nucleotide or a piurality of nucleotides. In 
30 some aspects of the invention, it is prefened that each codon independently 
comprises four or more nudeofldes, more preferred 4 to,*30 nudeotides. 
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The identifier oligonucleotide will In general have at least two codons ar- 
ranged In sequence. Le. next to each other. Two neighbouring codons may 
be separated by a firamlr^ sequence. Depending on the encoded molecule 
formed, the identifier oltgonucleotide may comprise further codons. such as 
5 3, 4, 5, or more codons. Each of the fiirther codons may be separated by a 
suitable firamirig sequence. Preferablyp all or at least a majority of the codons 
of the Identifier oligonucleotide are separated from a neighbouring codon by 
a framing sequence. The framing sequence may have any suitable number 
of nucleotides, e.g. 1 to 20. Aitemativeiy, codons on the identifier oltgonu- 
1 0 deotide may be designed wth overlapping sequences. 

The firaming sequence, if present, may serve various purposes. In one setup 
of the Invention, ttie framing sequence identifies the position of the oodon. 
Usually, the framing sequence either upstream or downstream of a codon 

16 comprises Information which allows determination of the position of the 

codons. In another setup, ttie frames have alternating sequences, allowing 
for addition of building blocks from two pools in the formation of the library. 
The firaming sequence may also or in addition provide for a region of high 
affinily. The itigh afHnity region may ensure that the hybridisation of the tem- 

20 plate with an anti-codon will occur in finan^ Moreover, the firaming sequence 
may adjust the annealing temperature to a desired level. 

A framing sequence with high affinity can be provided by incorporation of one 
or more nudeobases forming three hydrogen bonds to a cognate nucleo- 

25 base. Examples of nudeobases having this property are guanine a^jd cyto- 
slne. Alternatively, or in addltiori. the framing sequence may be subjected to 
badcbone modification. Several bade bone modifications provides for higher 
affinity, such as 2'-0^etiiyl suli)Stitution of (he ribose moiety, peptide nudeic 
adds (PIMA), and 2'-4* 0-methylene cydisation of the n'bose moiety, lalso re- 

30 fenred to as LNA (Lociced IMucleIc Acid). 
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The identifier cllgonudecytide may comprioe one or two flanking reglbns* The 
flanking region can encompass a dgnal group, such as a flourophor or a ra-^ 
dlo acttve group to allow for detecUon of the presence or absence of a com- 
plex or the flanking regten may comprise a label that may be detected, such 
5 as blotin. When the identffler oligonucleotide comprises a biotin mc^ety, the 
Identifler oligonucleotide may easny t>e recovered. 



The flanking region(s) can also serve as priming sites for ampliflcation reac^ 
tlons, such as PGR. The rdentttler oligonudeoUde may In certain embodi- 
1 0 ments comprise an affinity region having the property of being able to hybrid- 
ise to a building block. 

it Is to be understood that when the term Identifier oUgonudeotide isjused in 
the present description and dalVns, the identifler oligonudeotlde may be in 
1 $ the sense or the anti-sense tomnat, l.e. the identifier oligonudeotlde can be a 
sequence of codons which actually codes for the molecule or can be a se- 
quence complementary thereto! Moreover, the identifier oligonucleotide may 
be single-stranded or double-stranded, as appropriate. 



20 The display molecule part of the complex is generally of a structure expected 
of having an eftect on the target When the teurget la of ptarmaceutical Impor- 
tance, the molecule is generally a possible drug candklate. The comply may 
I be formed by tag^ng a library of different possible drug candidates mth a 

tag. e.g. a nudeic acid tag identKying each possible drug candidate. In an- 

26 other embodiment of ttie invention, the molecule Is encoded, I.e. formed by a 
variety of reactants which have reacted with each other and/or a scaffold 
molecule. Option^ly, this reactton produd may be post-modrfied to bl>tain the 
final molecule displayed on the complex. The post-modificatron may involve 
the deavage of one or more chemical bonds attaching the encoded|molecuIe 

30 to the Indentmer In order more effldently to display the encoded motecule. In 
still another embodiment the display molecule Is a poiygeptlde formed using 
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the natural machinery, such as jthe methods disclosed In WO 92/02536, WO 
91/05058, and US 6«194.550. i -I 

The formation of a synthetic encoded molecule generally starts by alscaffold. 

5 i.e. a chemical unit having one or more reacHve groups capable of fonning a 
connection to another reactive group positioned on a chemical entity, thereby 
generating en addition to tfie original scaffold. A second chemlral entity may 
react with a reactive group also appearing ori the original scaffold or a 
reactive group incorporated by the first chemical entity. Further chemical 

10 entities may be Involved In the formation of the final reaction product The 
formaflon of a connexion between the chemical entity and the nascent 
encoded molecule may be mediated by a bridging molecule. As an example. 
If the nascent encoded molecule and the chemical entity botti comprise an 
amine group a connection between these can be mediated by a dicarboxylic 

1 5 add. A display molecule is In genemi produced in vitro and may be a 

naturally ocojnlng or an artificial substance. In an aspect of the Invention, a 
display molecule is not produced using the naturally translation sys&m in an 
In vitro process. In other aspects of the invention, the display molecule Is a 
polypeptide produced using the natural translation machinery. ' • 

20 ' ' 

The chemical entities ti^t are precursors for strudtural additions or 
elimfnafions of the encoded molecule may be attadied to a building blodc 
prior to the partldpatlon in the formation of Hie reaction product leading to the 
final display molecule. Brides the chemical entity^ tine building blodc 

25 generally comprises an anti-codon. In some emt>odiments the building bloclcs 
also comprise an affinity region providing for affinity towards the nascent 
complex. 

Thus, the chemical entities are suitably mediated to ttie nascent encoded 
30 molecule by a building btocdc, which further comprises an anticodonl The anti- 
codon serves the fundion of transferring the genetic information of the 
building block In conjunction wl^ the transfer of a chemical entity. 3^e 
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transfer of genetic information and chemical entity may occur in any order, 
however, it la important that a cSoirespondence ie maintained In the complex. 
The chemical entities are preferably reacted without enzymatic int^ikction in 
acme aspects of the Invention. Notably, ttie reaction of the chemlcdT entities 
5 is preferably not mecfiated by ribosomes or enzymes having similar activity, 
in another aspect of tiie invention a rlbosome is used to translate ari mRNA 
into a protein using a tRNA loaded witii a natural or unnatural amino acid. In 
still another aspect of the Invention, enzymes having catalytic activities 
different from that of ribosomes are used In Uie formation of it\e display 
10 molecule. 



According to certain aspects of the invention Qie genetic information of tiie 
anti>^on is transferred by specific hybfldisation to a codon on a nucleic 
add templata. Another mettiod for transferring tiie genetic Infermdticui of the 

15 anti-ccdon to the nascent complex Is to anneal an oligonucleotide 

complementary to the antl-codon and BtXadh this oligonucleotide to the 
complex. e.g. by ligation. A still fUrtiier method Involves transfen^ing the 
genetic information of the anti-codon to the nascent complex by an Extension 
reaction using a polymerase and a mixture of dNTPs. : * 

20 ^ 

The chemical entity of Hie building blodc may In certain cases be r^svded as 
a precursor for the structural enii^ eventually incorporated Into the Encoded 
molecule. In other cases the chemical entity provides for the eliminaSions of 
chemical units of the nascent encoded mdecufe. Therefore, when it In the 

25 present application with claims is stated that a chemical entity is reacted with 
a nasttnt encoded molecule It Is to be understood that not neceBsarily all the 
atoms of the original chemical entity Is to be found in the eventually formed 
encoded molecule. Also, as a consequence of the reactions involved in tiie 
connection, the structure of tte chemical enti^ can be changed when it ap- 

30 pears on the nascent encode molecule. Especially, the cleavage resulting in 
the release of the entity may generate a reactive group yvhich In a eubse- 
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quenk step can participate m the formation of a connaction between a nas^ 
cent complex and a chemical entity. 

The chenucal entity of building blocic comprfees at least one reactive 
5 group capable of participating In a reaction which ndsuite In a connection be* 
tween the Chemical enti^ of the building block and another chemical^ entity or 
a scaffold associated yiAth the nascent complex. The number of reactive 
groups which appears on the chemical entfty Ys suitably one to ten. A building 
block featuring only one reactive group is used Lb, In the end positions of 

1 0 polymers or scaffolds, whereas building bioclcs having two reactive groups 
are suitable for the fbrmatton of tlie body part of a polymer or scaflblds oapa- 

of beir^ reacted fiirther. One» two or more reactive groups Intended tbr 
tiie (brmatlon of connections, are «/pically present on scaflblds. N<m-limlting 
examples of scaffolds are opiates, steroids, benzodtazeplnes. hydantolnes* 

15 and pepfidylphosphonates. 

The reactive group of the chemical entity may be capable of forming a direct 
connection to a reactive group of the nascent complex or the reactive group 
of the building block may be <»pable of forming a connection to a reactive 
20 group of the nascent complex through a bridging fill-in group, it is to; be un- 
derstood that not all the atoms of a reactive group are necessarily Maintained 
in the connectton farmed. Rather, the reactfva groups are to be ragged as 
precursors for the structure of thb connectton. | 

25 The sut^saquent cleavage step tb release the chemical entity from the txilid- 
ing block can hQ performed in any appropriate way. In an aspect of the inven- 
tion the deavage Involves usage of a chemit^l reagent or an enzyme. The 
cleavage results In a transfer of the diemical entity to the nascent encoded 
molecule or in a transfer of the nascent encoded molecule to the chemical 

30 entify of the building block. In some rases it may be advantageous to intro- 
duce new chemical groups as a consequence of linker cfeavage. The new 
chemical groups may be used for further reaction in a subsequent cyde, ei- 



•I 
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ther directly or after having t>een activated. In other cases it te desirable that 
no trace of the linlcer remains alter the cleavage. 

In anoBher aspect, the connection and the deavage is conducted as a simul- 
5 taneous reaction, i.e. elttier tiie chemlcad entity of the building blocic or the 
nascent encoded molecule Is a leaving group of the reactiun. In some as- 
pects of the invention, rt is appropriate to design tite system such tii^t the 
connection and the cleavage occur simultaneously because this wil) ^reduce 
the number of steps and the complexity. Tha simultaneous connection and 
10 cleavage can also be designed suc^ that either no trace of the llnicer remains 
or such Viat a new <^emlcal group for ftirfher reaction is introduced, as de* 
scHt>ed aliove. 

The atteichimnt of the chemical entity to the building block, optionally via a 

15 suitable spacer can be at any entity available for attachment e.g. the chemi- 
cal entity can be attached to a nucleobase or the t)ackbone. In general, it is 
preferred to attach the chemical enti^ at the phosphor of the Intemucleosido 
linkage or at the nudeobase. When tiie nudeobase Is used for attachment of 
the chemical entity, ttie attachment point Is usually at the 7 posltior) of the 

20 purbnes or 7-dea:Khpurfns or at tiie 5 position of pyrlmidines. The nucleotide 
may be distanced from ttie reactive group of the chemical entity by a spacer 
moiety. The spacer may be designed such that the confonnaHonal spaced 
sampled by the reactive group is opl6tt\\ze6 for a reaction witt) tiie reactive 
group of ttie nascent encoded molecule. ^ 

25 * M 

The display molecules of the Invention may have any chemical strudture^ In a 
prefenned aspect tine display molecule can be any compound that may be 
synthesized in a component-by-<:omponent fashion. In some espects the 
display molecule is a linear or branched polymer. In anotiier aspect tiie 

30 display molecule is a scaffolded, molecule. The temn "disp^y molecule" also 
comprises r^turally ocwmng ntotecules like o-poiypeptbdes etc. however 



I 
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produced In v^tm usually In the absence of enzymes, like ribosornes. In 
certain aspedis, the display molecule of the library is a non-a-polypeptide. 



The display molecule may have any molecular weight. However, in order to 
5 be orally available* It is in this case preferred that the display molecule has a 
moiecutar weight less than 2000 DaltonSi preferably less than 1000 Dalton, 
and more preferred less than 500 Daltons. 

M m 

The size of the library may vary considerably pending on tiie expected result 
10 of the inventive method, in some aspects, it may be sufficient that this library 
comprises two, three, or four different complexes. However, In most events, 
mora than two different complexes are desired to obtain a higher diversity. In 
some aspects, the library comprises 1,000 or more diffisvent complexes, more 
prefennad 1 ,000.000 or more different complexes. The upper limit for^the size 
15 of the library Is only restricted by the size of the vessel in which the library Is 
comprised. It may be calculated tfiat a vial may comprise up to 10^"^ diflTerent 
complexes. 

mvn^ fPT fprminq }^T^e^ complexes 

20 The complexes comprising en identifier dlgonudeotlde having two or more 
codons that codes for reactants that have reacted in tiie formation of the 
molecule part of the complex may be formed by a variety of prorasses. Gen- 
erally, the preferred methods can be used for the formation of virtually any 
kind of encode molecule. Suitable examples of processes include prior art 

25 methods disclosed In WO 93/20242, WO 93/06121 , WO 0QQ345B, WO 
02/074929, and WO 02/103008^ the content of whlt^ being incorporated 
herein by refensnce as well as methods of the present applicant not yet public 
available, including the methods disclosed in DK PA 2002 01955 nied 19 De- 
cember 2002, and DK PA 2003 00430 filed 20 ^terch 2003. Any of these 

30 methods may be used, and the entire content of the patent applications are 
included hersin by reference. 1 
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Below four preferred embcdimente are described. A first embodimdnt 
disclosed In more detail In WO 02/103008 Is based on the use of a * 
polymerase to incorporate unnaitural nudeotides as building blocks, initially, a 
plurality of template ollgonudeotides Is provkied. Subsequently primers are 
5 annealed to each of the templates and a polymerase Is extending the primer 
using nudeotlde derivatives which have appended chemical entiiies. 
Subsequent to or simultaneously with the incorporation of the nucleotide 
derivatives, the chemical entities are reacted *f6 form a reaction product. The 
encoded molecule may be post-modified by cleaving some of the linking 
10 moieties to better present the encoded molecule. 

Several possible reaction approaches for the chemical entfOes are apparent 
First, the nudeotlde derivatives can be Incorporated and the chemical entitiea 
sul)sequentiy polymerised, in the event the chemical entitles each carry two 

15 readive groups, the chemical entities can be attached to adjacent dtemical 
entities by a reaction of these reactive groups. Exemplary of the reactive 
groups are amine and carboxylic add. whidi upon reaction form an amide 
bond. Adjacent chemical entitles can also be linked together using a linking 
or bridging moiety. Exemplary of this approach is the linking of two diemical 

20 entitles each bearing an amine group by a bi-carboxyllc acid. Yet another 
approach la the use of a reacBve group between a chemteai entity and the 
nudeotlde building block, sudi as an ester or a fhioester group. An adjacent 
building block having a reactive group such as an amine may deave the 
interspaced reacfive group to obtain a linkage to the chemical entity. e.g, by 

25 an amide linking group. 

A second embodiment for obtainment of complexes pertains to the use of 
hybridisation of building blocks to a template and reaction of chemical entities 
attached to the building blocks in order to obtain a reaction product-This 
30 approach comprises that templates are contaded with a plurality ofjikiilding 
blocks, wherein each building block comprises an antl-c9don and alchemical 
entity. The anti-codons are designed such that they recognise a sequence. 
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i.e. a codon. on the template. Subsequent to the annealing of the anti-codon 
and the codon to each other a reaction of the chemlral entity Is effi^ed. 

The template may be associated with a scaffold. Building blocks bringing 
5 chemical entities in may be added sequentially or simulteneously and a 

reaction of the rdactlva group of the chemical entity may l^e effected at any 
time after the annealing of the building blocks to the template. 

A third embodiment for the generation of a comptex Includes chemical or 
1 0 enzymatlcal ligation of building blodcs when these are lined up on a tomplato, 
iniflally, templates are provided, each having one or more oodons. The 
templates are contacted with building blocks comprising anti-codons linked to 
chemteal entities. The two or more anti-codons annealed on a template are 
subsequently llgated to eadi other and a reaction of the chemical entities is 
15 effected to obtain a reaction product The method is disclosed in mbr^e detell 
in DK PA 2003 00430 filed 20 March 2003. ; 1 

i 

A fourth embodiment makes use of the extension by a polymerase of an 
affinity sequence of the nascent complex to tranisfar the anti-codon of a 

20 tujilding Mode to the nascent complex. The mettiod implies that a nascent 

complex comprising a scaffold and an affinity region is annealed to a: building 
t>Iock comprising a region comptementery to the affinity section. 
Subsequently the antl-codon region of the building block is transferred to the 
nascent complex by a polymerase. The transfer of the chemical entity may 

25 be transfenred prior to, simultaneously with or subsequent to the transfer of 
the anti-codcn. This method is disclosed In detail in DK PA 2002 DISSS filed 
19 December 2002 and DK PA 2003 01064. filed 11 July 2003. 

Thus, the codohs are either pra-mada into one or more templates before the 
30 encoded molecules are generated or the codons are transfened 
simultaneously with the formation of the encoded moieoiles. 

: . I 



t 
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After or simultaneously with theJbrmaKqn of the reacUon product some of the 
linkers to the template may be cleaved, however at least one linker must be 
maintained to provide for the complex. \ 

5 lilMcawfidQS ^ 

The nucleotides used In the present lnventk>n may be linked togettier in a 
sequence of nucleotides. Le. an oligonucleotide. Each nucleotide monomer Is 
noimatly composed of two parts, namely a nucleobase moiety, and a back- 
bone. The back bone may in some cases lie subdivided Into a sugar moiety 
10 and an intemucleoside linker* 

The nudeobwe moiety may be selected among naturalty occurring nucleo- 
bases as well as non-naturally occurring nucieobases. Thus, "nucleot>dse*' 
Includes not only the known purine and pyrimidlne hetero-cydes, but also 

1 5 heterocyclic analogues and tautomers thereof. Illustrative examples of nu- 
cleobases are adenine, guanine, thymine, cytosine, uracil, purine, xanthine, 
diaminopurfne, 8-oxo-N^-methyladenine, 7*deazaxanthlne, 7KJeazaguanine, 
N^J^l^-ethanocytosIn, N^N^-etha^o-2,e-diaInlru>purine, S-mrthylcytosfne, 5- 
(C^-C^lkynylcytoslne, 5-fluorouracil, 5-bromouracil. pseudolsocytosine, 2- 

20 hydroxy-5-methyM-trlazotopyrldlne, Isocytoslne, isoguanlnep Inoslne and the 
"non-naturalty occunlng" nucleot>ase8 described In Benner et al., U.S. Pat 
No. 5.432,272. The term "nudeobase*" is intended to cover these exfimples 
as well as analogues and tautomers thereof. Espedally interesting nydeo- 
bases are adenine, guanine, thymine, cytosino, 5-methyI(ytosine, and uradl, 

25 which are considered as the naturalfy occurring nudeobases in relation to 
therapeutic and diagnostic application In humans. 

Examples of suitable spedfk: pairs of nudeobases are shown below: 



I 

••• 
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Suitable examples of backbone units are shown below (B denotes a nucleo- 
base): 



5 
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The sugar moiety of the backbone Is suitably a pentose but may be Une ap- 
5 propriate part of an PNA or a ste-member ring. Suitable examples of possible 
pentoses Include ribose. 2'"deo)^bose. 2'-0-methyl-ribose, Z'-flouMbosei 
and 2'-4'-0-nnethytene-iibose (LNA). Suitably the nueleobase is attached to 
the 1 ' position of the pentose entity. 

10 An Intemudeoside linker connects the 3' end of preceding monomer to a 5* 
end of a succeeding monomer when the sugar moiety of the backbone te a 
pentose, like ribose or 2-deoxyribose. The intemudeoslde linkage may be 
the natural occurring phospodiester linkage or a derivative thereof. Exam- 
pies of such derivatives include phosphorottiioate. methylphosphonate» 

15 phosphoramldate* phosphotriester, and phosphodithioate. Furthermore, the 
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Intemudeostde linker can be any of a number of non-phosphorous-contalning 
linkers known in tlie art 

Prefenpad nucleic add nrkonomers indude naturally occurring nudeosldes 
S fomiing part of the DNA as well as the RNA family connected through phos- 
phodiester linkages. The members of the DNA family include de* 
Qxyadanosine, deoxyguanosine, deoxythymidine, and deoxycytldlne. The 
members of the RiMA family indude adenosine, guanosine. uridine, cytidlne, 
and inoslne. Inosine Is a non-spedftc pairing nudeoside and may be used as 
1 0 universal base because Inosine can pair neariy isoenergetically witii A, T, 
and C. Other compounds having the same ability of non-speciiically base- 
pairing with natural nudeobases have bwn formed. Suitable compounds 
which may be utffized in the present Inventton indudes among others the 
compounde depicted betow 
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Bulidlna block 

The diemlcal entities that are precureore for etrucbjral additions or elimina- 
tions of the encoded molecule may be attached to a building block prior to 
5 the participation in the fbmrvaflon of the reaotiDn product leading ttie final en- 
coded molecule. Besides the chemical entity, the bi^idir^ block generally 
comprises an anti-radon. 

The chemical entity of the building block comprises at least one reactive 
10 group capable of participating in a reaction which results in a connection be- 
tween the chemical entity of the building block and another chemical entity or 
a scafFbId assodated with ttie nascmt complex. The connection is fadiltated 
by one or more reacflve groups of the chemteal entity. The numt>er of reac- 
tive groups which appear on the chemical entity is suitably one to ten. A 
15 building block featuring only one reacUve group Is used \a in the end pmi- 
tions of polymers or scaflbids, whereas bunding blocks having two reactive 
groups are suitable fbr the formation of the body part of a polymer ot scaf- 
folds capable of being reacted further One, two or more reactive groups in- 
tended for tha formation of connlections, are typic^ly present on so^ffblds. 

20 

The reactive group of tha Imiklirig block may be capable of forming d direct 
oonneoflon to a reactive group of the nascent complex or the reactive grovip 
of the building block may be capable of fonrnlng a connection to a reactive 
group of the nascent complex through a bridging fin-in group, it is to be un- 
25 derstood that not all tiie atoms of a reactive group are neces^ly maintained 
in the connection fornned. F^tiier. tite reactive groups are to be regarded as 
precursors for Una structure of the connection. 

The subsequent cleavage step to release Oie tiiemicel entity from the build- 
30 ing btock can performed in any appropriate way. In an aspect of the inven- 
tion the cleavage involves usage of a reagent or an enzyme. The cleavage 

resuite in a transfer of me chemfcal enti^ to tiie nascent encoded mdlecule 

»» 

o 
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or in a transfer of the nascent encoded molecule to the chemical enUty of the 
building btocle In some cases it may be advantageous to introduce new 
chemical groups as a consequence of linl(er cleavage. The new diemical 
groups may be used for further reaction in a sut>8equent <^e, either directly 
5 or after having been acKvated. In other cases it Is desirable that no trace of 
the linker remains after the cleavage. 

In another a^ect, the connection and the ci^dvage is conducted as a simul- 
. taneous reaction. i,e. either the chemical entity of the building block or the 

10 nascent encoded molecule Is a leaving group of the reacton. In general, it is 
preferred to design the system such that the connection and the cleavage 
occur simultaneously because this will reduce the number of steps and the 
complexity. The simultaneous connection and cleavage can also be designed 
such that either no trace of the linker remains or such that a new chentfcai 
15 group for further reactbn is introduced, as described above. 

The attachment of the chemical entity to the building block, optionally via a 
suitable spacer can be at any entity available for attachment, e.g. the chemi- 
cal entity ^ be attached to a rfudeobase or the backbone, in genefalp It is 

20 preferred to attach the chemical entity at the phc»phor of the intemiiiiBleoslde 
linkage or at the nudeobase. When ttie nudeobase used for attachment of 
the chemical entity, the attachnnbnt point is usually at me 7 position of the 
I purines or 7-deaza-purins or at the 5 position of pyrlmidines. The nudeotMe 

may be tfstanced from the rescue group of the chemical enti^ by a spacer 

25 moiety. The spacer may be designed such tttet the conformational space 
sampled by the reactive group is optimized for a reaction with the reacQve 
group of the nascent encoded molecule or reactive site. 

The anticodon complements ttid codon of the identifier digonudeollde se* 
30 quenoe and genersdiy comprl^ the same number of nudeotides as the 

codon. The anticodon m^ be adjoined with a fixed sequence, such as a se- 
quence complementing a framing sequence. 
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Various specific building Modes are envisaged. Building bloclcs of particular 
Interest are shown below. 



5 Building blocks transfbning a chemical Mtity to a r^dplent nudeophlllc group 
The building blodc indicated below is capable of transferring a chei](^lcal entity 
(CE) to a redpient nudeophillo group, typically an amine group. ThQ bold 
lower horizontal line illustrates the buOding block and the vertical line iilus- 
trates a spacer. The 5-membered substituted N-hydro^^sucdnimld ^NHS) 
10 ring serves as an activator, I.e. a labile bond Is formed between the o^gen 
atom connected to the NHS ring and the chemical entity. The labile bond 
may be deaved by a nudeophilic group. e.g. positioned on a scaffold 



16 




The 5-membered substituted Nrhydroxysucdnimid (NHS) ring serv^ as an 
activator» i.e. a labile l>ond is forpied between the oxygen atom con^nected to 
the NHS ring and ttie chemical entity. The latMle bond may be deayed by a 
nudeophtllc group, e.g. posiUorv&d on a scaffold, to transfer Oie chemical en- 

20 tity to thQ scaffold, thus converting the remainder of the fragment into a leav- 
ing group of the reaction. When the chemical entity Is conneded to the ac6- 
vator through an carbonyl group and the recipient group is an amine, the 
bond formed on the scaffold will an amide bond. The above building block is 
the subject of WO03078627A2, the content of whid) is incorporated herein in 

25 their entirety by reference. 
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Another building block which may form an amide bond I 



5J 



-CP 



R may be absent or NQs. CFd, halogen, preferably CI, Br, or I and Z may be 
S or O. This type of buHdlng block is disdosed In WO03078626A2. The con- 
tent of this patent appltration is Incorporated herein In the entirety bif refer- 
ence. 



A nudeophllic group can cleave the Knkage between Z and the carbonyl 
10 group thereby transferring the chcanical entity -(C^)-CE' to said nudeo- 
phlllc group. 



BuMng blocks irsnsferring a chenacol entity to a recipient ree^hfe group 
fanning a C^C t)ond 

15 A building block as shown below are able to transfer ttte diemlcal entity to a 
recipient aldehylde group thereby fonmtng a double bond bewveen the carbon 
of the aldehyde and the chemical entity 

r.. 

• i 

» 
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The above building block is disclosed in WO03078445A2, the content of 
which being Incorporated herein in the entirety by reference. 

Buiiding btocks transfemng a d^BtnicGl entity to a recipient rea<^tve group 
foiwlng a OC bond • - 

The below building block is able to transfer the chemical entity to a rtolplent 
group thereby fbmning a single bond between the receiving moiety, e.g. a 
scaffold, and the chemical entity. 



The above building block fe disdosed In WO03078445A2, the content of 
which being incorporated herein in the entirety by reference. 
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The receiving group may be a nudeophile, such as a group comprising a 
hetero atom, th^eby forming a single bond betAreen the chemical entity and 
5 the hetero atom, or the receiving group may be an dectronegatfve carbon 
atom, thereby fomdng a C-C bond between the chemical enWy and the scaf- 
fold. The above buHding blocic is disclose in WO03078446A2. the content of 
which la incorporated herein by reference. 

10 The chemical entity attached to any of the above building blocks maV be a 
selected from a large arsenal of chemical structures. Examples of chemical 
entities are 

H or entitiee selected among the group consisting of a Ci-Ce alkyl, Ga-Cs al- 
kenyl, C^Cq ail^nyli Cf-Cd alkadienyl, CVCr ^doail^. CrCr cydoheteroal- 

1S M> aryl, and heteroaryi, said group being substituted with 0^ R^, 0-3 and 
(« or CrCz alkylene-NR*a, C1-C3 alkylene-NR*C(0)R*. Ci-Cs al- 
kylene-NR^C(0)OR^ C1-C2 aIkylene-0-NR^2. Ci^Sz alkylene-ONR*C(0)R*. 
C1-C2 alkylene-O-NRf C(0)OR^ substituted witti 0-3 R®. 

where R^ Is H or selected independently among the group consisting 

20 of Ci-Ce alkyl. Ca-Ca alkenyl, C2-C8 alkynyl, C3-C7 cydoalkyl, C3-C7 cydohet- 
eroalkyl, aryl, heteroaryi, said group being substlhited with 0-3 R^ and 

r5 is selected independently from -Na. -CNO, 'C(NOH)NH2. -NHOH, 
-NHNHR®. -C(0)R^, -SnRS, -B(OR®te -P<OKOR®)? or the group consisting of 
C2-C6 alkenyl. Cz-Ce alkynyl, C4-C8 alkadienyl said group being substituted 

25 with 0-2 R'. / J 



I 
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where Is selected IndependenUy from H, Ci-Ce al(^, Ca^Cr cydoal- 
1^. aiyl or Ci-Ce alkyiene-aryl subsfltuted with 0-5 fmlogen atoms selected 
from -F, -CI, -Br, and -I; and • 

Is Independently selected from -NOz, -COOR^ ^COR^ -CN, 
5 -OSIRS,-OR^and-NRV J 

Is H. Ci-Ca elkyi, C2*C8 alkenyl. C^rCe alkynyl^ C3-C7 cycloalkyl. 
aryl or Ct-Ce alkylene-aryl substituted with 0-3 subsHtuents Independently 
selected from -F, -Cl^ -ISIO2. -R^ -OR^, -SiR^s 

R» Is =0, -F. -a, -Br. -I, -CN, -NOa, -OR®, -NR^a, -NR®-C(0)R^ 
^ 10 -NR^^-CtOOR®, -SR». -S{0)R«, -8(0)2R^ -COOR?*, -C(0)NR®2 and 

Crosslink cleavage building blocks 

It may be advantageous to split the transfer of a diemlcat entity to a recipient 
15 reactive group into two separate steps, namely a cross4inklng step 9nd a 

cleavage step t>ecause each step can be optimized. A suKabie building block 
for this two step process is illustrated below: j i 




Inrtally, a reactive group appearing on the func^on^ entity precursor (abbre- 
viated PEP) reacts with a r^pient reactive group, e.g. a reactive group ap- 
pearing on a scaffold, thereby forming a. cross-fink. Subsequently, a cleavage 
Is performed, usually by adding .an aqueous oxidising agent such as-la. Bra. 

:i 

i ii » 

■ 
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CI2. or a Lewis aoid. The cleavage resulta In a transtiar of the group HZ- 
FEP- to the redpient irately, such as a scaffold. 

In the above formula 
5 ZlsO, S,NR* . 

Q Is N. CR^ 

P Is a valence bond. O, S, NR*. or a group CB-rarylene. Ci^kylene, 
Ci^O-alMene. Ci^S-aikytens, NR^-alkylenejCi^lkytene-O, Ci^ylene-S 
opHon aaid group being substituted with 0-3 R*. 0^ and 0-3 R^or CrCs 
10 an<ylene-NR*2. C1-C3 all{ylene-NR*C{0)R'. d-Ca all<ylene-NR*C(0)OR» 
Ci-Ca alkyiene-04^R^t. CrCa aUcylene-O-NR^CCOR*. C1-C2 al- 
l(yIene-0-NR'C(0)OR^ substituted with 0-3 R^ 
^ B te a group comprising D-E>F, in which 

D is a valence bond or a group Ci^allcylene, Ci^l^enylone, Cu 
15 ealkynylene. Cs-7aiylene. or Cs-Theteroarylene, said group opttonaily being 
substituted with 1 to 4 group 

E Is, wh!9n present, a valence bond, O, S. NR*. or a group Ci. 
eaiiorlene. Ci^ll<enylene, C^aUvnyJene. C^rylene, or C&Theteroaiylene, 
said group optionally being substituted with 1 to 4 group R", 
20 F Is, when present, a valence twnd. O, S, or NE^, 

A is a specify group dlstancii^ the chemical stmcture ftom tiie com- 
plementing element, which may be a nucleic add, 

R\ R^, and R^ are Independent of each other selected amon^ the 
group conasBng of H, Ci-Ca alkyi, C2-C6 alkenyl. C2-C6 aikynyl, Ca-Cb alkadi- 
25 enyl, C3-C7 cycloallcyl, Cr-Cj cydloheteroatl^, aiyl. and heteroaiyt. said 
group being substituted with 0-3 R*. 0-3 R" and 0-3 R'or Ci-Ca al- 
l«ylene-NR*2. C1-C3 alkylene-NR«C(0)R". Ci-Caail«yiene-NR*C(0)OR», C1-C2 
a«iylene-0-NR*2, Ci-Ca aikyleneO-NR*C(0)R*. Ci-Ca al- 
ky1ene-0-NR'^0)0R*' substituted with 0-3 R^, 
30 FEP is a group selected among the group con^ting of IH, Ci-Ca ali^, 

CtCb alicenyl. Ca-Ce aHcynyl. C«-Ca allodienyl. C3-C7 cydpalkyi, Ca-Cr cydo- 
heteroailcyi, aryi, and heteroar^ said group being substituted with 0-3 R*. 0-3 
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R* and 0-3 R®or Ci-Ca alkylene-NR*2, CrCs alkylene-NR^CCO)!^, C1-C3 ai^ 
lcylene-NR*C(0)OR*. Ci-C2 alkylenenO-NRV Ci^a alkylene-0-NR*C(0)R^ 
Ct«C2 alkyiene-0-NR^C(0)OR" substituted with 0-3 R^» 

where Is H or selected Independently among the group confilsting 
5 of Ci*Ce alkyi, C2-C8 alkenyl, Cz-C^ alkynyl, C3-C7 oycloalkyl. C3-C7 cyciohet- 
eroalkyi, aryl, heteroaryf, said group being substituted with 0-3 and 

Is selected Independently from -CNO. -C(NOH)NH2, r/^HOH. 
-NHNHR'. -C(0)R^ ^nR^, -B(OR^)2, -P(0){0R^)2 or the group consisting of 
CtCb alkenyl, C2-C6 alkynyl. C«-Ca alkadienyl said group being substituted 
10 withO-2R^ 

Where is aeleded indapendentty from H, Ci-Ce alkyi, C^Cj oycloal- 
kyl, aryt or Ci-Ce alkytena-aryi substituted with O-S halogen atonrs seleded 
^ from -F, -CI, -Br, and -I; and R^ Is independently selected from -NO2. 

-COOR^p -COR^ -CN. -OSm^ OR^ and -NR®2. 
15 R° Is H, Ci-Ca alkyI, C^-C^ alkenyl, Ca-Ca alkynyl, Cs-Cy cydoalkyi, aryl or 
CrCe alkyiene-eryl substituted with 0*^ substituents independently selected 
from -O, -R^. OR^. -SiR^ 

R« is =0. -F, -a, -Br, -I, -CN, -NQj, -OR*. -NR^. -NR«.C(0)R^ 
-NR^-C(0)OR^ -3R^ •S(0)R^ tS(0)2R^. -COOR^ -C(0)NRS and 
20 -S(0)2NR^2. 

In a preferred embodiment Z is O or S, P is a vedence bofKl, Q is CH, B is 
CH2. and R\ and is H. The bond between Oie carbonyl groupiand Z Is 
deavable with aqueous l^. < * 

25 'I 
Contadina between target and library 

The contacting step, by which the library of bHuncfional molecules Is sub- 
jected undeir binding conditions to a targeiassodated with a target oKgonu- 
deotlde. may be referred to as the enrldiment step or the selection step, as 
30 appropriate* and indudes the screening of the library for display molecules 
having pnsdetarmined dMirable ctaractertstic^. Predetenmlned desirable 
characterisb'cs can include binding to a taiget. catalyUcally dianging the tar- 
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gat« chemically reacHng with a target in a manner which altBrs/modifies the 
target or the functional activity of the target, and oovalently attaching to the 
target as in a suicide inhibitor. 

5 In theory* display molecules of interest can be selected based on their prop- 
erties using either physioal or physiologiost procedures. The method pre- 
ferred according to the present Invention Is to enrich molecules with respect 
to binding affinity towards a terget of interest In a certain embodiment, the 
basic steps involve mixing Uie library of complexes vrith the tmmobil£zed tar- 
^ 10 get of interest The target can be attached to a column matrix or mimtfctre 

wells with diiect immobilization or by means of antibody binding or bth^ 
high^nity interac^ns. in another embodinnent, the target and displayed 
molecules interact without immobilisation of the ^rget Displayed molecules 
that bind to the target will be refined on this surfiac^. while nonbinding dls- 

15 played molecules in a certain aspect of the invention will be removed during 
a single or a series of wash steps. The identifier oiigonudeofldes of com- 
plexes bound to the target can then ba coupled to the target oligonucleotide. 
It may be considered advantageously to peribrm a d^itimatc^raphy st^ after 
or Ins^d of the washing step» notably in cases where me target is not im- 

20 mobilteed. After ttie coupling between the IdentHler oligonucleoHde and the 
target oligonucteolkle. the coupled oi^nudeotide m^ be recovered and 
optonally amplified before the decoding step. 

A significant reduction in baclcgfound binders may be obtained witii increased 
2S washing volumes, repeating washing steps, higher detergent concdhtrations 
and prolonged incubation during washing. Thus, the more volume ci'Ad num- 
ber of steps us^ In the washing procedure together with more strirt^ent ran- 
ditlons the more efFiclentiy the rron-4)inder5 and background binders will be 
removed. The right stringency in the washing step can also be used-to re- 
30 move low^nity spedfic binders. However, the washing step will also re- 
move wanted binders if too harsh conditions are used. 



I 
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A blocking step, such as incubation of solid phase with skimmed milk pro* 
tains or other Inert proteins and/[or mild detergent such as Tween-20 and Trf« 
ton X-100. may also be used to reduce the background. The waslilrtg condi- 
tions should be as stringent as possible to remove background binding but to 
5 retain specific binders that Interact with the Immcbillzed target Generally, 
washing conditions are adjuetod to maintain tho desired affinity binders, e.g. 
binders in the micromolar, nanomolar, or pocomolar range. 

In traditional aiution protocols, false positives due to suboptimal binding and 
^ 10 crashing condittons are dtfRcult to o^mvent and may require elaborate ad- 

justments of experimental ooncStions. However, an enrichment of more than 
100 to 1000 is rarely obtained. The present rnvantion ane\4alea the problem 
with false positive being obtained because the non-spedfic binding bom- 
plexes to a large extent remain in solution or attached to the reactiori cham- 
15 ber audi that the Indentlfier oDgonucleotkle of norv-binding complexes will be 
in a low concentration compared to the Identifier oligonucleotides of binding 
complexes rslative to tiie concentration of the target ofigonucleotide.: 

The target can be any compound of interest E.g. the target can be a protein. 

20 peptkie, carbohydrate, polysaocharfde, glycoprotein, hormone, receptor, an- 
tigen, antibody, virus* substrate, metabolite, transition stete analogue, cofiac- 
tor, inhibitor, drug, dye, nutrient, growth factor, ceil, tissue, eto. without lirmta- 
^ tlon. Suitable targets Include, but are not limited to. angiotensin converting 

enzyme, rsnin, cyclooxyger^e, 5-Wpoxygenase, ilU 1 0 converting enzyme, 

25 cytokine receptors, PDGF receptor, type II inosine monophosphate dehydro- 
genase, p-iactemases, integrtn, proteases like factor Vila, Idnases like Bcr- 
Abl/Her. phosphotases like PTP-1B, and fungal cytochrome P-460, Targete 
can include, but are not limited to. bnatdyklnln, neutrophil elastase, thb HIV 
proteins. Including tat, rev, gag, Snt RT. nudeocapsld etc. VEGF. tiFQF, 

30 TGPP. KGF, PDGF, GPCR. thrtfmbin, substance P, IgE, sPl^. red Wood 
cells, glioblastomas, fibrin ch>ts,PBMCs. hCG. lectins, s^ectins. cytdkin^t 
iCP4, complement proteins, etc/ ' ' 



ft 
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Certain targets comprise one or more dtsoBte binding domains. Proteins that 
contain these domains are bwoivBd in a variety of piocesses, sucN as cellular 
transporters, cholesterol movement, signal transduction and signaling ftinc- 
5 tions which are Involved in development and neurotransmission. See Herz, 

Upoprotoln roccptors: boocona to neurons?, (2001^ Trends in Ncuroadencea 
24(4):ig3«195: Goldstein and Brown,The Cholesterol Quartet (2001) Sci- 
ence 292:1310-1312. The function of a discrete binding domain is often spe- 
cific but it also contributes to the overall acBvi^ of the protein or polypeptide. 

1 0 For example, the LDL^eceptor class A domain (also referred to as a class A 
module, a complement type repeat or an A-domain) is involved in ligand 
binding while ttie gamma-carboxygtumaUcadd (Gia) domain which Is found 
in the vitamin-K<lependent blood coagulation proteins is involved in high- 
afRnify binding to phospholipid membranes. Other discrete binding domains 

1 5 indude, e.g.. ttie epidermal growth factor (EGF)-like domain In tissue-type 

plasminogen activator which mediates binding to liver cells and thereby regu- 
lates the clearance of this fibrinolytic enzyme from the circulation and the cy- 
toplasmic tall of the LDL-recepfor which Is involved in receptormediated en- 
docytosls. • ' 

20 ; 1 

Individual target proteins can possess one or more discrete monomer do- 
mdns, as discussed ebove. These proteins are oftsn called mosaic proteins. 
For example, members of the LDL-receptor feumOy contain four major struc* 
tural domains: the cysteine rich A-domaIn repeats, epidermal growth fiactor 

25 preo^rsor-like repeats, a transmembrane domain and a cytoplasmic domain. 
The LDL-receptor family includes members thafc 1 } are cell-surface recep- 
tors: 2) recognize exbBcellular ligands; and 3) intemalbce ihem for degrada- 
tion by lysosomes. See Hussaih et al.. The Mammanan Low-Density Upopro- 
toft) RecB/Oor Family, (1999) Anpu, Rev. Mutr . 19:141-72. For example* some 

30 members include very-low-denslty Bpoproteln receptors (\/LDL-RX apolipo- 
protein E receptor 2, LDLRnrelated protein {URP) and megalln. Fan^Oy mem- 
bers have the Ibilowing characteristics: 1} cell-surface expression; 2) ex- 
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traceilular llgand binding consisting of A-domaIn repeats: 3) requirerpent of 
calcium for ligand binding; 4) recognition of reoeptor-associated protein and 
apoilpoprotain (apo) E: 5), epld^nnal growth factor (EOF) precursor )iomoi- 
ogy domain containing YWTD repeats; 6) single membrene-spannihg region; 
5 and 7) receptor-mediated endocytosis of various llgands. See Hussain, su- 
pra. Yet, the members bind several stmcturally dissimilar ligands. THo pre- 
sent invention offers the possibility of identifying two or more ligands against 
the same target as discussed elsewhere herein. 

10 In some aspeds of the invention^ a dimer compound binding with two targets 
nonmally Interacting In a biological context is Identified using the methods of 
the present Invention. Examples of such tenets are factor Xa and factor Vila. 

^ The method includes separately screening a library of bifunctional complexes 
and identifying suitable display molecules that binds to both tai^ets. The two 

1 5 display motecMles pools are then Unl(ed together. In the event m display 
molecules are identified having an affinity above a certain threshold (I.e. a 
low Kd) to a first target and n display molecules having an affinity abpve an- 
other or the same threshold, a dImer compound way of n times m rholecules 
are formed.- The dimer compound are sUt>sequentiy screened for th]^ abiiify to 

20 bind to the first and the second target molecule, thereby identifying 'a dimer or 
a range of dimere that specificany bind to the first and the second tatget 
molecule with a certain affinity. ' | 

A target can also be a surface of a non-biological origin, such as a polymer 
25 surface or a metad surface. The method of the invention may then be used to 
identify suitable coatings for such surfaces. 

In a prefened embodiment, the desirable display molecule acts on the target 
without any interaction between the nucleic acid attached to the desirable 
30 encoded molecule and the target In one embodiment the bound complex- 
target aggregate can be partitlohed from unbound complexes prior to or sub- 
sequent to the coupling step by a numt>er of methods. The methods indude 
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nitracdlulose iBter binding^ column chromatography, fittration. affinity chroma- 
tography, centrffligatlon, and ottier well known methods, A preferred method 
Is size-exclusion diromatography. 

5 Briefly, the library of complexes is subjected to the tanget, which may Include 
contact between the library and a corumn onto which tho tai^et is injmobl- 
lised. identifier oiigonucleottdesi associated with undesirable display^ mole- 
cules, i.e. display molacutes not bound to ther target under the stringency 
conditions used, will pass through the column. Additional undesirable display 

1 0 molecules (e.g. display molecules wMch cross-react with other tangeta) may 
be removed by oounter-selecHon methods. Desirable complexes are bound 
to the ocdumn. The target may be Immobilized in a number of wa^. In one 
embodiment the target is Immobilized through a cieavable physical link, such 
as one more chemical bonds. Following the interacHon of the display mole- 

15 cute and the target, the respective ollgonudeotides are coupled. The aggre- 
gate of the target and the complex may then be subjected to a size exclusion 
diromatography to separate the aggregate from the rest of the compounds in 
the media. ; 

20 The comply may be (mvided with a cieavable linker at a posiUon t^jsftveen 
the display molecule and the identifier oligonucleotide. When the target is 
immobilfzed the deavable linker of the complex is preferable orthogonal to 
the cieavable linker that attached ^e target to the solid support. Subsequent 
to the opfionai size exdusion chromatography, this deavable iinkeris 

25 deaved to separate the Identifier ollgonudeotides of complexes having afflnr 
Ity towards the facets. Just to mention a single type of orthogonal deavable 
linkages, one dould attached to target to the solid support through a linkage 
that can be cleaved by a chemicai agent, and the linker separating the dis- 
play motecute and the Identifier oligonudeotide may be selected as a phoio- 

30 deavable linkage. More specifically, the fomier linkage may be a disulphide 
bond that con be deav^ by a suitable reducing agent KKe OTT (dithiottirel- 
tol) and the latter linkage may be an o-nttrophenyl group. 



II 
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There are other partitioning and screening processes which are compatible 

with thia invention that are known to one of ordinary skill in the art Such 

known process may be used in combination with the present Inventive 

5 method. In one embodiment, the coupling products can be fractionated by a 

number of common methods and then eaoh fraction is assayed for activity. 

The tractionization methods can include size, pH, hydrophobidty. etb« 

I- .j 

Inherent In the present method 'Is the selection of encoded molecules on the 
10 basis of a desired ftjnction; this'can be extended to the selection of mole- 
cules vritii a desired function and specilldly. Specificity can be requ^d dur- 
ing the selection fmoess by first extracting oompl6>^ which are rapable of 
interacting with a non-desired "tergef (negative selection, or counter- 
selection), followed by positive selection with tiie desired target. As an exam* 
1 S plet inhibitOfB of fungal cytochrome P-450 are known to cross-react to some 
extent witii mammalian c^chrome P-450 (resulting in serious side effects). 
Highly specific inhibitors of the fungal cytochrome could be sheeted ftom a 
library by first removing those complexes capable of interacting wtth flie 
manmiallan cytochrome, followed by retention of tiie remaning products 
20 which are capable of Interacting wrUi tiie fiingal cytochrome. 



The present Invention can be used to identify compounds that bind to differ- 
ent molecular targets. A small Ibrary of preferred compounds can be directiy 
linked to an oligonudeotide tiiat Identifies tiie structure of the said compound. 

25 TNs can be done manually or using a moro automatic system such^as robotic 
equipments. These tagged coirtpounds can then be robced with one^or more 
target molecules to select for compound and tai^et pairs ttiat bind to each 
other. For example, a library of impounds designed to bind preferably to 
protein kinases could be mbced'vritti a IB>rary of various protein kinases to 

30 Identify compounds that specifically intenact witti a certain protein kinase. The 
use of the present proximity selection procedure will In this Instance generate 
an extensive structure activity rslationship (SAR) where different binding 



I 
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compound are match simulteneously agafnat dtffiBrent related target mole- 
cuied. The above method can also be used for other target classes such as 
piDteaseSi phosphatases, GPCRs. nudear receptors and oorresponding 
compound libraries. The information for these selections can be used to 
5 sbJdy the selectivity and specificity and to design sub-libraries with potential 
binding compounds. 

In a prior art selection where the target is immobilized to a surfeioe, for exam- 
ple In a vi^II or a bead, the effedive concentration of the target will be high 

10 locally on the surfisce but infinlth^ely low In the solution. This restriction will 
result In low recovery of binding moleoiles because most of the bir\ding 
molecules are troB in the solution and removed in future washing Cjisps. The 
^ present invention allows selection in solution at tme equilibrium conditions 

between the molecular target and the binding molecules. The invention is not 

IS dependent on washing- or separation-step as is most prior art seleption pm- 
tocois. The amount of captured binding molecules can be varied using a suit** 
able concentration of the target. Most of the Mnding molecules witti a certain 
binding constant can be caph^nsd if the target oonoentraflm is higher than the 
binding constant of the binding mdecules. Also the concentration of the tar- 

20 grt can be adjusted to capture tenders with a certain binding constant A high 
target concentration will also increase the likelihood of selecting specific 
binders that are present In low copy number. By using high concentration of 
target, the solution selection can also be used to identify binders with low 
binding affinity. This is especially Important with screening for small ftag- 

25 ments which normally possess low affinity but still holds important structural 
infmnatton that can be used in* second generation Dbrary design. > i 

; ■ U 
in a certain embodiment, a binding platft»rm may be oonstrutted Vtikt can be 
used for almost any target Thd binding piatfbrm should preferably be small 

30 enough to only allow assodattbn of a f^ or a single target molecule. This to 
ensure a solution based selection procedure with adjustable target boncen- 
tration. The birKiing platfbmi Is primarily composed of two components; a 
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small surface aOowing associatibn of the target molecule, and an association 
area/site for the target ollgonucboUde. This t>indlng platform may beide- 
signed to mediate the assodatldn of the target and target oKgonude&tide to 
allow pTxndmi^ selection In solution. 



5 



Cteavable linkere 

A cteavable Unker may ba positioned between the target and a solid support, 
between the potenOal dnig candidate and the IdentMer oligonucleotide, be- 
tween the molecular target and the target oi^onudeotlde or any other post- 
^ 10 tion that can provide for a separation of the identifier oligonudeotlde from 

suocessftil compdexes from non-spedfic binding complexes. The deavable 
Unker m^ be selectively deavable, he. oondrKons may seleded that only 
cleave that particular linker. j 

15 The deavable linkers may be selected from a large plethora of chemical 

structures. Examples of linkers includes, but are not limited to, linkers having 
an enzynrmtic deavage site, linkers comprising a chemicel degiadable conrir 
ponent, and linkers deavable eledromagnetio radiationp such as^llght 

20 Examples of linkers deavable by electromagnetic tadiaUon (UghQ 
I o-nltrobenzyl p-alkoxy 



25 





Av 
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OHiitrobdnzyl tn exo position 

It 



For more details see Holmes CP. J. Org, Chem. 1997, 62, 2370-2380 

3-nitrcphenyloxy 

. . o o 

For more details see Rajasekharan Pilial, V. N. Synthesis. 1980, 1-26 
Dansyi derivatives: 

/» — ^1 o 

o-s-o 



10 

For mm details see Rafasekharan Pillai, V. N. Synthesis. 1980. 1-26 
Coumarin derivatives 




hv H-NR^3 



For more details see Ft O. Schoenieber, B. Giese. Synlett 2003, 501-504 



and R^ can be either of the potential drug candidate and the identifier oli- 
gonucleotide, respectively. Altemativeiy, R^ and R^ can be either of the target 
20 or a solid support, res|:mctiveiy. ^ 
R* = HorCX:H3 
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If X is O then the product wSI be a carboxylic acid 
If X is NH the product will be a carboxamfde 



10 



One specific example is the PC Spacer Phosphoramldlte (Glen research 
catalog # 10-4913-90) which can t>e introduced In an oligonucleotide during 
eyntheais and daaved by eubjecting the sample In water to UV light 300- 
350 nm) for 30 seconds to 1 minute. , 

h 
I 

O-P-NpPrJz 



DMT = 4,4'-Dimethoxytri^ 
iPr = Isopropyl 
CNEt»Cyanoethyl 




15 



The above PC spacer phosphoamidite is suitable incorporated in a Ibrary of 
Gomplexes at a position between the Indentifier and the potential drUg candi- 
date. The spacer may be deavdd cKX^ordihg to the fbllowing reactiod. 




and can be either of the encoded molecule and the identifying mole- 
(xile, respectively, in a preferred aspect is an oligonudeotide Identifier and 
25 the R^ Is the potenfial dmg candidate. When the Hnk^ is deaved a phos- 
phate group is generate allowing for further biotogical reactions. As an ex- 
ample, the phosphate group may be positioned in the 5'end of an oligonu- 
deotide allowing fbr en enzymatic r^ation process to take place. 



I 



If 

n 
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Examples of linkers cleavabto by domical agents: 

Ester (inkers can be deaved by nucleophillc attack using e.g. hydroxide ions. 
5 In practice this can ha acnomplbUied by subjecting the target'4ioand complex 
to a base for a short period 

OH.' O 





R» R" R? V 



10 and c^n be the either of be the potential drug candidate or the identifier 

Oligonucleotide, respectively. can be any of me following: H. CN. F. N02« 
S02NR2. 

DisuHde linkers can efficiently be cleaved / reduced by THs (2-carboxyethyl) 
1 S phosphlne (TCEP). TCEP selectively and completely reduces even the most 
stable water-soluble alkyi disulfldes over a wide pH range. These reductions 
fl^quentty required less than 5 minutes at room temperature. TCEP is a non- 
volatile and odorless reductant and unlike most other reducing agents, it is 
resistant to air oxidation. Trialkylphosphlnes such as TCEP are stable in 
20 aqueous solution* selectively reduce disulfide bonds, and are esserlttally un- 
reactive toward other liincfiondl groups commonly found In piotelns.l 



j 



I 1^ 



More details on the reduction of disulfide bonds can be found In rartey. 
25 T.L(1 989). Reduction and fluorescent labeling of cyst(e)jne-conteining pro- 



I 
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teins for subsequent structural analysis* An^. fi/oehsm. 180, 231 arid Levi- 
son. M.E., et al. (1969), Reduction of biological substances by water-soluble 
phosphines: Gamma-globulin. ExpGrmilla 23, 126-127. 



5 LbtkBrs deavabfe by enzymes 

The linker connecting ttte potential drug candidate with the identifier ollgonu- 
deotMe or the solid support and the target can Include a peptide region that 
allows a spedflc cleavage using a protease. Thb Is a wdMcnown strategy in 
molecular biology. Site-specHic proteases and their cognate target amino 

10 add sequences are often used to remove the fusion protein tags that fecili- 
tate enhanced expression, solubility, secretion or purification of the fusion 

V protein. 

Various proteases can be used to accomplish a specific cleavage. The speci- 
ficity is especially important when the deavage site is presented together 
1 S with other sequences such as for example the fusion proteins. Various condi- 
tions have been optimized in order to enhance VhB deavage effidenqr and 
control the spedfldty. These conditions are avaflable and icnow in the art 



Enteroldnase Is one example of an enzyme (serine protease) that cut a spe- 
20 clf!c amino acid sequence. Enteroldnase recognition site is Asp-Asp-Asp- 
Asp-Lys (DDDDK), and It cleaves C-terminaliy of Lys. Purified recombinant 
Enterokinase is commerdally available and Is highly active over wide ranges 
in pH (pH 4.5-9.5) and temperature (4-45*'C). 



25 The nuclear indusion protease from tobacco etdi virus (TEV) is anottier 

oommerdadly available and wellHSharacteriz^ proteases that can b^ used to 
cut at a specific amino add seqiience. TEV protease deaves the sequence 
Glu-Asn-Leu-Tyr-Phe-GIn-Gly/Ser (ENLYFQG/S) between Gln-Gly or Gln- 
Ser with high spedficity. ' ! 

30 ' . * 

Another well-lcnawn protease is thrombin that specifically cleaves the se- 
quence Leu-Val-Pro-Arg-Gly-Ser (LVPAGS) between Arg-Giy. Thrombin has 
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also been used for cteavage of recombinant fusion proteins. Other 
quences cein also be used for thrombin deavage; these sequences are niore 
or less spedfio and more or less efficiently oleaved by thrombin. Thrombin is 
a highly adh^e protease and various reaction conditions are known to the 
5 public. 

Activated coagulation factor FX (FXa) is also known to be a specific and use- 
ful protease. This enzyme cleaves C*termlnarof Arg at the sequence lle-Glu- 
Gly-Arg (lEGR). FXa is firequentiy used to cut t>etween fUslon proteins when 
10 prcdudng proteins with recombinant tedmotogy. Other recognition se- 
quences can also be used for FXa. 

^ Other types of proteolytic enzymes can also be used that reoognize^spedfic 

amino add sequences. In additfon, proteolytic enzymes that deave'^mlno 
15 acid sequences In an un-spedflc manner can also be used if only tKb linker 

contains an amino add sequence in the complex molecule. • 

.1 

Other type of molecules such as ribosymes, catalytically active antibodies, or 
lipases can also be used. The only prerequisite is that the catalyticdily aeflvd 
20 mdecule can deave the spedfto structure used as the linker, or as a part of 
the linker, that connect the encoding region and the displayed molecule or. 
In die alternative the solid support and the target 

A variety of endonudeases are available that recognize and cleave a double 
25 stranded nudetc add having a spedfic sequence of nudeotides. The en- 

donudease Eco Rl is an example of a nudease that effidentiy cuts a nudeo- 
tide sequence linker comprising the sequence GAATTC also when this se- 
quence Is dose to the nucleotide sequence length. Purified recombiiSant Eco 
Rl is commerdaBy available and Is highly active in a remge of buffer^ ^ndi- 
30 tions. As an ^mple the Eco Rt is wortdng in in varlow protocols suj indided 
below (NEBuffer is available (iroiVi New England Blolabs): 
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NEBufTer 1 : [10 mM Bis Tris Propane-HCL 10 mM MgOZ, 1 mM dithiothreitol 
(pH7,0dt25X)l. • 
NEBuffer 2 : [50 mM NaCI, 10 mM Tris-HCi. 10 mM MgCI2, 1 mM dithiothrei- 
tol (pH 7.9 at 25»C)], 
5 NEBuffer 3 : [100 mM NaCI, SO mM Tri^-HCl, 10 mM MgCI2, 1 mM dithio* 
Ihreltol (pH 7-0 at 25'*C)1, 

NEBuffer 4 : [50 mM potassium acetate, 20 mM Tris-acetate« 10 mM magne- 
sium acetate, 1 mM dithiothreitol (pH 7.9 at 25°C)]. 

Extension buffer : mM KG. 20 mM Tris-HCi(Ph &8 at 25o C). 10 mM (NH4 )2 
10 S04 , 2 mM MgSO 4 and 0.1% TrHon X-100, and 200 pM dNTPs. 



Determtntno the identlfler oliaonudeottde eeauenoe 

The nucleotide sequence of the identifier sequence present in the coupled 

1 S pnsduct is determined to identify the identity of the binding display mbfe- 

cuie(s) and7or optionally the molecular target(s). In a certain embodiment of 
the invention^ chemical entities that participated in the fonnation of t&e dis- 
play molecules that binds to the target are identified. The syntheslsimethod 
of the display molecule may be isslablished if information on the ch^ical 

20 entifies as as the point in time they have been incorporated in the display 
molecule can be deduced ftom the identiffer oligonucleotide. It may be suffi- 
cient to obtain Infomiatlon on the chemical strudure of the various chemical 
I entitfes that have participated In the display molecule to d^uca the full mole* 

cule due to stmctural constraints during the formation. As an example, the 

25 use of different Icinds of attachment chemistries may ensure that a chemical 
entity on a building blodc can only be transferred to a single position on a 
scaffold. Another kind of chemical constrains may be present due to steric 
hindrance on the scaffold molecule or the chemical entity to be trarisferred. In 
general however, tt is preferred that information can be inferred from the 

30 Identifier oligonucleotide sequence that enable the Idenflflcatton of each of 
the chemical entities that have partteipated in the fonmatipn of the eKcoded 

; ' :1 

1 ill 
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moidcule along with the point In time fin the synthe^ history the chemical 
entitles have been incorporated in the (nascent) display molecule. * ' 

^though conventional Dl^ sequencing methods are readily ava!lab|le and 

s If 

S useful for this determination, the amount and quality of isolated biturictiondl 
moioculo may require addiflonal manipulations prior to a sequenolng rsao- 
tion. ' ' 

Where the amount is low, it Is preferred to Increase the amount of the cou- 
1 0 pled oligonucleotide sequence by polymerase chain reaction (PCR) using 

PCR prbners directed to primer binding sKes present in the identifier oligonu- 
cleotide sequence. 

In one eint»odiment, the different coupled oligonucleotide sequences are 

15 cloned into separate sequencing vectors prior to determining their sequence 

by DMA sequencing methods. This Is typically accomplished by amplifying 

the different coupled oligonudeotide sequences by PCR and then using a 

unk)ue restricHon endonudeasa sites on the amplified imduct to d^cOmally 

clone the amplified fragments into sequendr^ vectors. The donlng.arKf se- 

20 quencing of the amplified fragments then is a routine procedure that can be 

I I** 
carried out any of a number of molecular biotoglcal mettiods knovjffi In the 

art. i 

f 

Alternatively, the trifunctional complex or the PCR amplified identifier oll- 
25 gonudeotide sequence can be analysed in a microarray. The array may be 
designed to analyse the presence of a sinigte codon or multiple codons in a 
identifier oligonudeoflde sequence. 



In still another approach* the coupled ollgonudeotlde product Is analysed by 
30 QPCR. Preferably, the QPCR affords information as to the chemical moieties 
that has partidpated in the formation of the display molecules and optionally 
the identity of the target The QPCR approadi also aOows a direct investiga- 
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tion of the enrichment factor if two samples are analysed in parailel, one with 
target and the Other with the target phis library. The difference in sfgnal firom 
these to samples will Illustrate how much coupling that !s due to Vne target 
mediated coupling compared to the background coupling. Various conditions 
5 can be investigated to obtain the most optimal selection procedure before the 
ooqucncoQ ore analysed to identify the predse structures of the binding 
molecules. [ 

Synthesis of nucleic adds 
^ 10 Oligonucleotides can be synthesized by a variety of chemistries as Is w^l 

known in the art For synthesie of an oligonucleotide on a substrate In the 
direction of 3' to S". a free hydroxy tenminus is required that can be conven- 
lertfy blodced and deblocked as needed. A preferred hydroxy terminus block- 
ing group Is a dimexothytrityl ether (DMT). DMT blocked termini are first de- 
15 bIod<ed, such as by treatment with 3% dichioroacetic acid in didiloro- 

methane (DCM) as is wail known for oligonucleotide synthesis, to form a free 
hydro}^ terminus. 

Nudeotldes In precursor form fbr addition to a free hydroxy terminus in the 
20 direction of 3' to S* require a phosphoramMate moiety having an amii^iiso- 
propyl side chain at the 3' terminus of a nudeofide. In addifion, the free hy- 
droxy of the phosphoramidata is blocked with a cyanoethyl ester (OCNET). 
I and the S* terminus is blocked with a DMT ether The addition of a 5'pMT-, 3* 

OCNET-blocked phosphoramidata nudeofide to a free hydroxy! requires 
25 tetrazole In acetonitrile followed by iodine oxidation and capping of unreacted 
hydroxyls with acetto anhydride, as Is well known for oligonucleotide *synfhe- 
sis. The resulting product contains an added nudeotkfe residue vMh a DMT 
blocked 5" terminus, ready fbr debtocMng a7>d addition of a subsequent 
blocked nudeotide as before. 



30 



For syntttesls of an oligonudeotWe in the direction of 5' to 3\ a free hydroxy 
terminus on the linker is required as before. However, the blodced nudeotide 



ri 



n 
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to be added has the blocking chemistriee reversed on Ite 5* and 3* tennlnl to 
facilitate addition In the opposite orientation. A nucleoHde with a ftee 3* hy* 
dro)^ and 5' DMT ether le first bloclced at the 3' hydroxy terminus by readion 
with TBS-CI in imidazole to form a TBS e^ter at the 3' terminus, then the 
5 DMT-blocked 5* terminus is det>locked \Anth DCA in DCM as before to form a 
frco 5* hydroxy tciminuB. The roagont (N,N-ditsopropylamino}(cyonoothyl) 
phosphonamidic chloride having an aminodiisopropyl group and an OCNET 
ester is reacted in tetrahydrofuran (THF) witif the 5' deblocked nucleotide to 
fbrm the aminodiisopropyl-. OCNET4)iocked pho^honamidate group on the 
10 5* terminus. Thereafter the 3* TBS ester is removed with tetrabutylammonium 
fluoride (TBAF) In DCM to fbrm a nucleotide with the phosphonamidate- 
blocked 5' terminus and a free 3* hydroxy terminus. Reaction In base with 
DMT-CI adds a DMT ether blocldng group to the 3* hydros^ temninua. 



15 The addition of the 3' DMT-, S* OCNET-blocked phosphonamidated nucleo- 
tide to a linker substrate having a free hydroxy temiinus then proceeds using 
the previous tetrazole reaction, as is well known for oligonucleotide polymeri- 
zatton. The resulting product oontafne an added nucleotide residue with a 
DMT-blodced 3' terminus, ready for deblocking with DCA in DCM and the 

20 additbn of a subsequent bk)cked midTOtide as before. 

» 

Brief Description of the Figures 
I Rg. 1 disctoses an embodiment for proximity-dependent selection, * 

Fig. 2 discloses different approaches fbr accomplishing coupling. • 

25 Fig. 3 discloses four different approaches for producing a coupling 
Rg. 4 discloses a library versus 'library scneening, ^ | 

Fig. S discloses an embodiment in which a target oligonucleotide aslsodatlon 
is performed in solution. * ^ 

Fig. 6 disdoses a target oligonucleotide essodafion on cell surfam. * 

30 Rg. 7 disdoses a target with mulUple binding sites which may assodate with 
members of the bffuncttonal molecule library. 
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R9. 8 discloses a taiget with one binding site for assodation with a pair of 
displayed molecules. 

Fig. 9 discloses a 2nd generat{on*llbrary driven proximity selection. 
Fig. 10 discloses multiple targete for eimultaneously subjected to a library of 
5 complexes. 

Detailed Disclosure of the Rgures 

Fig. 1 outlines an embodiment for a proximit^^-dependentsetecUon (PDS). 
The molecular target Is United to a target oligonucieotlde» which in some env 

10 t>odiment may be unique tor the target molecule. This target sequence 

comes In dose proxinrdty with a.sp8dfic Identifier ollgonudeotide when the 
displayed molecule of a bifUncUonal complex binds to the target molecule. 
This proximily will promote the coupling between the biflincttonal complex 
molecules that bind to the target compare to bifuncfional complex in solution. 

1 5 Thus, tfiere will be a setectton for coupling products that contain display 
molecules that possess affinity for the target molecule. The final ligation 
product Is amplified using two primers that only amplify ligated products. 



In a first step, the target assodate with a target oNgonudeotide is mixed with 
20 a library of compiles* in which each complex comprises a display molecule 
attached to an identifter ollgonudeofide. The display molecules are then in- 
cubated urtth the target The display molecules which have an afflnity towards 
the molecular target will bind, while the complexes not having affinity wQI re- 
main in solution. Sut)^quent to the incubation, a connector ollgonucleotlde Is 
25 add^. The connector oligo nudeotide comprises parts that hybridise to se- 
quences near tfie ends of the tsfrget and the identifier oligonudeotidos, re- 
spectively. Subsequent to the addition of the connector oiigonucleotfde, a 
ligation is effected tyy chemical or enzymatic means. Preferably a K^lase Is 
used to llgate the taget and the Identifier oligonudeotides together: The con- 
30 nector ollgonudeotide is generally added in excess to saturate the com- 
plexes in sdution to avoid unspedfic ligation. 
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After the ligation, the ligation product le amplified by PGR. Thus, a fcirward 
primer is annealed to the ligatioh product at the 3' end thereof and extended 
u^ng 8 polymerase. The transcribed product comprises a site Id which a 
second (or reverse) primer can lanneal so as to provide for an extension of 
5 the second primer using the transcril>ed product as template. Using f onvard 
and reverse primero os Indiootod abovo togothor with o polymoraso and oult 
able substrates produces ampllcons, which comprises information about the 
display molecule as well as tiie molecular tai^et The ligated product can be 
Introduced Into a host organism using a suitable vector. The host vector may 
10 be allowed to fbmi oolontes and the colonies can be sequenced to establish 
the Identity of the di^lay molecule. 

Fig. 2 shows various options to perlbnn coupling t>etween the target'oligonu- 
deotide and the identifier oligonucleotide. A. The ligation is promotecl using a 

1 S connector oligonucleotide that anneals botti to the taiget ollgonucledtide and 
the identifier oligonudeotide. The connedor oligonucleotide Is designed such 
that the ends of the identifier oligonudeotide and the target oligonucleotides 
are abutted. A iigase is subseqiientiy allowed to ligate the ends logdher. B. 
A connector digonudeottde is used to promote fill in of a gep using a poly- 

20 merase and finally ligation using a Iigase. C. The distal end of the target oli- 
gonudeotide overlaps the distal end of the identifier ol^onudeoOle. which 
allows a polymerase to extend the target oligonudeotide as well as the Identi- 
fier oligonudeotide ti^ereby forming s double stranded product D. Blunt- 
ended ligation of single-stranded or double stranded DMA using a 9Uitable 

25 enzyme Tike T4 DMA Iigase. 

Rg. 3 Shows various methods for preparing a coupling area on an ^tlng 
biftindlonal complex. Conjugates between moleoriar targets assodated with 
an oligonudeotide and complexte comprising a display molecule and an 
30 identifier oligonudeotide can be Vnodified to allow a Kgase to coup>e;frve dl- 
gonudeotides togetiier. A. The identifier oligonudeotide is extended With a 
primer with an overtiang that creates the coupling area. The extension is 
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suitably conducted before the selection process to obtain the benefit of a 
double stranded nucleotide sequence* A target oligonudeotide canine llgated 
to the blimt end of the extended primer or a connector oligonucleotide can be 
used to connect the target oligoViudeotide and the extended primer )rior to 
5 ligation vA\h a suitable Kgase. B[. The identifier oligonucleotide Is anqealed to 
e primer that binds internally. The primer 13 subsequently extended, 9ultably 
before tiie selection process. Tlie extension fonns a coupling area directly on 
the identifier oligonucleotide, which allows a target digonucleotide to be an- 
nealed and llgated. C. The first step Is Identical to the procedure as describe 
^ 10 in B but the target sequence has a fipse 5'-end tiiat allow ligation to the 3'-end 

of tiie identifier oUgonudeoHde. A blunt ended single stranded ligation can be 
performed. Alternatively, tills variation can be perlbnmed using a connector 
oligonudeofide and subsequent ligation. D. A primer Is annealed to a identi- 
fier oligonucleotide and extended to produce a double-stranded DNA which 1$ 
15 subsequently cut with an enzyme (e.g* restriction enzyme) to produce a sin* 
gle-stranded DNA portion that can ba used as handle in the coupling proo^ 
ess. * ' \ 

it 

Rg. 4 sho^ a library versus library selection mett)od. Diflerent targdts spe- 
20 dflcatly encoded by ttie attadied target oligonudeoOdes are mixed a 
library of biftincttonal complexes. The displayed molecules will bind p spe- 
cific targets and promote the ligation through the proximity effect This ilga- 
I tion will connect the target oligonudeotides vriti) ollgonudeotides that en- 

codes for specific displayed molecules. The llgated ollgonudeotides can be 
25 amplified and determined by sequendng procedures well Icnown in the ait 
The llgated sequences vAQ reveal whidi display molecules that bind to which 
target 

Fig. 5 discloses mtoralia tiie association of tiie tai^et ollgonudeotide to tiie 
30 target One way of associating tiie target ollgonudeotide wltti the target 

molecule Is to link tiie ofigonudeotide through a tag introdured on the target 
molecule. The tag can be attached befbre the target is produced (e.g. a short 

' ■ 11 

' !*l 
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amino add sequence such as HIS-tag of FLAG-tag) or be modified after the 

i 

target Is produced. The target sequence can then be associated through the 
tag using a tag-binding molecule such as an antibody or other type c^f mole- 
cules that binds to the tag« 



Rg. 6 diedosoo target oligonudootido assodatlon on a cell surface. Spedfio 
receptors can be engineered to express a specific tag on the cell surface. 
Different tags can be used such as HIS- or FLAG-tags or other types of tags 
that become bound with the receptor. The tag will only be displayed on the 

10 cell surface together with the specific receptor. The target oligonudeotide is 
then assodated with the receptor target using a mediator molecule that car- 
ries the target oligonudeotide and binds to the tag. A mecBator molecule 
could be an antibody that binds to the tag {e.g. anti-HlS or anti^FLAG anti- 
bodies) that Is assodated with the target oligonucleotide. This procedure will 

1 5 apBdfically assodate the target oligonudeotide with a receptor target on the 
cell surface which vAW pit>mote a ligation between oligonucleotides of the 
binding displayed molecules and the target oligonudeotide. 

Rg. 7 shows a target molecule with several sites for binding of ilgari(is. The 
20 target is subjected to a library of complexes of bKuncHonal mdecul^. Dis- 
play molecules of the compt^ces binds to the dlsonate sites of the nfi9]eouldr 
target thus promoting a high l0(»l concentration of the ends of the oljgonu* 
deotides which have bound to the target Subsequently a connectoir-ollgonu- 
deotide is added to adjoin the distal ends of the oiigonudeotides together. 
25 UsuaDy. the connector oligonudeotide Is added In excess to saturate the 
ends of the identifier ollgonudeotides free In the solution. The ends of the 
oligonudeotides kept together by the connector <4lgonudeotide are figated 
together forming a coupled product The coupled produ^ Is ampltRed by PCR 
using primers annealing to each end of the coupled produA The amplified 
30 coupled product is decoded to identify the display molecules which have 

bound to the In the target. In a step not &wm on the figure, tiie two binding 
display molecuies are coupled togetfier via a suitable linker to form a llgand 



li 
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which binds to two sites of the target SuRable, the dimer comprising ttie two 
revealed display molecules and the linker Is synthesised by organic synfiie- 
sis, 

5 Libraries of bifuncHonal complexes can also be screened against eapji omer 
using the present Invention. Such an embodiment allows the detectipjg of 
pairs of displayed molecules that bind to the same target at different pr me 
same binding eite or pair of displayed molecUies that bind to different targets. 
The power of the screening libraries in the above fashion Is Indicated by the 

10 1^fhataia)mryofe.g« 10^ different displayed molecules generates a total 
combination of display molecules of 10^ when pair of binder are searched 
for. 

Fig. 8 discloses a library of btfiincOonai complexes which is presented b> a 

1 5 target having a site prasible to be occupied by two display molecules, ini- 
tially, the target is mixed with the Obrary of bifUnctlonal complexes under con- 
ditions which promote a binding Interaction to take place. A first bifiincBonal 
oomplm associates with the target to form the target associated with the tar- 
get oligonudeotlde. Subsequently to or simultaneously with the binding of the 

20 first display molecide, a second complex bbids to the same site of the target 
The display molecules may or may not be reacted with each other toiform a 
oovalent linl<age between tlie display molecules. In another embodin^ent. the 
two display moleailes are connected a suitable linker or reacted, with an 
external reactent so as to form single moiewle. After Oie binding ir^teraction 

25 of the library of complexes with the target, the ends of the complexes which 
comprises display molecules that binds to the target are Joint together, in an 
aspect of the Invention, the ends are Joined together using a connector 
polynucleotide. The connector polynudeollde Is preferably added in excess 
to satuiate ends of identifier oligonucleotides which are not part of a binding 

30 complex. After the hybridisation event between the ends of die Identifier oli- 
gonucleotides and the connector oligonucleotide a ligation is conducted. 
Suitably the ligation is performed by a ligase to fonn a coupled product. 
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Which can be used as a template by a polymerase. After the ligation, the 
coupled product is amplified by PCR to ftinn PGR ampllcons comprising in- 
formaton of the display molecules whidi have participated in the binding In- 
teraction. 

5 

Pig* 9 discloses a two (or more) step identification mettiod. In a first step the 
method as disclosed in figure 1 is conducted and in the second step a new 
library prepared upon the knowledge harvested In the first library Is used to 
generate the second generation library. Initially, a library of ccmpteklss are Is 

10 preeemted to a target having a binding site. In the library, display molecules 
having a binding affinity above a certain ttveshold Is not present, Olitstrated 
on the drawing with a cRsplay molecule only having a partial fit in thd binding 
site of the target in the synthesis of the second generation library o6mpo- 
nents used in the synthesis of the low landing display molecule are shuffled 

15 with further components and/or the low binding display molecule is added or 
subtracted a structural unit As an example, a fiirther round of addition of 
chemic^ entities can be conducted. For systems for complex generation rely- 
ing on the natural translation system a deletion, alteration or addition of nu- 
cleic add can be perftmned. The second generation library is presented to 

20 the a target again. In the eventihe alteration of the MOal low binding mole- 
cule has been successful display molecules are generated which binds with a 
higher affinity towards the target 

Rg. 10 disdoses two targets whrdi are attached to each other prior to the 
25 mixing with the library of complexes. The attachment can be naturstl} i.e. the 
association between target 1 arid target 2 occur in a biological contl^xt or the 
attachment t^n be artificial, i.e. 'the assodaton between target l and target 2 
Is obtained by a chemical synthesis. In the latter Insteinoer the assodation 
between the targets may be obtained by any chemical or enzymatic-means 
30 whidi ensure a Dnkage. The association of the targets may also be obtained 
by expressing target 1 and target 2 as a fUsion protein. i.e. a single protein 
having two distinct targets or monomer domains. In an embodiment one of 
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the targets in the fusion proteFn is a capftirlng protein, Vke streptavidin. In the 
event the library is spiked with complexes having a ligand against the captur* 
ing protein* like bioUn, It is fe^asible to forni a oonnactlon between the fusion 
protein and a member of the library. The further funcUonanty. i.e. target 2, of 
5 the fusion protein may be then be subjected to a screening process to find 
bindorlrom tho library* 

During the mixing step, the two attached targets are contacted \/irith the Htmry 
of complexes under binding mnditions. The library may be spiked with a 
1 0 complex comprising a compounds known to bbrid to the one of the targets in 
Older to find suitable binders against another target If the library comprises > { 
suitabte binding display molecules, two ends of the bindirg complexes is por^ 
sitloned in close pro)dmity. The addition of a connector oligonucleotide en- ( \ 
sures that the ends are kept dose togettier when a ligase is allowed to per* > 
1 5 Ibrni the addon of ligating the ends toge^er. The resulting PCR product j 
comprises genetic infontiation which encodes boQi ttie display molecules that 
have participated in the binding interaction with target 1 and target 2. 



20 



Example 1: 



Target Sequence (ES->1 ) 

25 5'-X-'i!AGTC GAUVr I^OCTA CCTAC TCCGC CMTG CCSTA VCttSC 

Identifier Sequence (IS-1) (extension part) 

S'-G&!EC& ATGAC TGACG CCGG7 AaATCTACCGTCTAACCTC-y-3* ^ 

; {; 

30 Underlined sequence is reverse primer tending site 

Control IdenlHier Sequence (CiS-l ) (extension part) i 

5'*GASOG ASKAC TGAC6 CC6GT ^acgt cfftag atatc gatgc AAATC- 
TAnCCTCTAACCTG^Z-3» 
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Underlined sequence is reverse primer 
Connector Sequence (CS-1) 

S ' -AA A ACGAASAGTCG-CSACCTACTOTTTT 

Primers (Forward PR-1 and reverse PR-2) 

PR-*l: S'-TAGTC 6ATGT AGCTA GCTAG 
PR-2: 5'-CAGCT TA6AC GfGXAG ATTT 

Target labelling with oaaonucfeotlde seauBncB. 
The target molecule (streptavldin) is modified wMn an oligponudeotlde se- 
quence using a terminus modifier that allow direct coupling to the target(s) 
molecule. The oligonucleotide sequence ES-1 is synthe^sed wltti the 5- 
Thioh-Modrfier (Glen Research. ^0*1926*90) to produce a oligonudeotide 
that can be coupled to the target(s) through the 5'-end (designated X in the 
ES.1). 



The covalent attachment of the oligonucleotide at the target Is canled out 
vrith me aid of the heteroblspedflc crosslinker SuIfosuccinlmld)^-4-(N- 
male]midomethyl)cyciohexdne-t-carb<»^ate ($SMMCC)..The e-amino 
groups of lysine side chains of the target(s} are first dertvatlzed with sSMCC 
cross linker to provide a maleimide functionality, which subssquentiy is re- 
acted with the thioiated oligonucleotide. . M 
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Protocol: Dfssoive approx 2 mg of sSMCC In 60 pi of DMF. Add ttie sSMCd 
solution to 200 pi of a 100 pM solution df streptavidin In PBS buffer pH 7,3 ^ 
and incubate in tha dark at room tampeiatura for about 1 hour. The excess - 
sSMCC la removed using NAPS or NAP10 (Phannada) using a PBSE buffer. 

6 The thiolated otlgo (ES-1 ) Is activated in TE buffer, pH 7.4 using 1 mM DDT 
and exi;eis^ luitioveU u^iiig spin column (BioFCad). The activated streptavidin 
and oligonucleotide are preferably used direcUy in the cross linking reaction 
by mixing and incubation for about 1 hour in the dark at room temperature. 
The modified streptavidin is preferably purified on a size-exclusion column or 

10 a anion-exchange column (MonoQ HRS/5. Pharmacia). 

OhmetlonQl comolBX molecutos. 

BHiinctional complexes are preferably molecules that are composed of a nu- 
cleotide sequence that encodes for the displayed molecule. These com- 
IS plexes can be generated using various procedures, as disclosed elsewhere 
herein. The bifunctlpnal complexes preferably contain an ollgonudeotide that 
can be ligated or othenvise connected to the oligonucleotide sequence on the 
target mediated by the binding of the display molecule ta the target 

20 TMa example deacribea ttie blhmcHonat complex as the IS-1 sequence wfiidh 
ts labelled with a blotin In the 3*end (designated Y in the sequence). This 611- 
gonudeotkle is synthesized using Biotin-dT (Glw Research, # 1O-1(0&-9S). 
which wlil function as the display molecule arul the oligonucleotide sequence 
encoding the bioUn moiety. The displayed blotin molecule tias high affinity for 

25 streptavidin whkJi wfll bring the coding oHgonudeotlde (CS-1 ) In dose prox- 
Imity of the identifier sequence (IS-1). This will promote the ligation between 
the E&-1 and the IS-1 oligonucleotides as shown below. The ligation Is medi- 
ated by the connector sequence (CS-1). 



» 
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I A different bifunctional complex with a Fluorescein as display molecule is 

also present The flurorescein will not bind to tiie target molecule (strepte- 
5 vidin) resulting in no proximity ligation between the ES-i and the iS-1 oli- 
^ gonudeotides, 

SelBCBon through o roximav Ibatlon 

10 20 pM btfunctlonal complex (IS-1) Is mixed with 100 pM conjugated t^et 
molecule to allow binding of the bioHn molecule to streptavldln. Another bi- 
ftinctlonal complex (CIS-1 ) was used as a control (100 pM) vA\h a di^erent 
dteplay molecule (Ruorescein) included In the synthesis of the cllgorjiudeo- 
tlde as a Ruorescein-dT (Glen Research, # 10-105&-95}. This displayed 

15 moleculd is encoded by another unique sequence in the CIS-1 oHgohucleo- 
I tide. However, the ligation region is identical to the iS-1 oligonudeoUde allow- 

tng ration if proximity is achieved. The CIS-1 digonudeotide Is 10 nucl&3- 
fides longer permitting the distinct ftom the IS-1 oligonucleotide by mnning 
an agorose gel and determining the length of the oUgonudeofldes. The mix- 

20 tures were inoibated in 50 mM KO, 10 mM Tris-HCI. pH 8.3, 1.5 mM MgCh. 
0.1 5 mM ATP. pH 7.4 for 1 hour to allow association of the Blofln (or Ruo- 
rescein) to streptavidin. 

The connec^r sequence (CS-1) is ttien added at 400 fxtA concentration to 
25 promote tiie connection between the ES-1 and iS-1 olfgehudeotides togetiier 

wtth 2 U T4 DMA ilgase to start the I^iatton. The raacflon was keep at 30^C 

I? 

i! 



1} 



10 2003 ONS 16:37 PAZ 



I2l070/|}/D 



for 5 mln and then 80°c for 20 mln. The relatively high concentration of the 
connector ollgonudeotlde will saturate all IS-1 that have not been brought 
into proximity of an encoding sequence. 

5 Amplification of the ilgatad products was performed wMh the polymerase i I 
ohain roac^ton (PGR) uting fSiwis correspwidbm lo the 6'-end of ihe encod- 
ing sequence (PR-1: ff-TAOTC GAT6t AGCTA GCTAG) and the 3'-end of« 
the Identifier digonudeotlde sequence (PR-i: 5'-CAGCT TAGAC GGTAG 
ATTT). The primers are design to only ampHfy the ligated product PCR was 

10 perfomied using Ready-To-Go (RTG) PCR beads (Amersham Biosciences) 
and 10 pmol of each primer In a reacton volume of 25 pi. The PCR reaction 
oonsistad of an initial denaturatlon step of 94"C for 2 minutes followed by 20- 
45 cydes of dmaturaOon at 94*C Am- 30 seconds, annealing at 58'C for 1 
minute and extension at 72*C for 1 minute. A final extensfon step of 2 mln- 

15 utes at 72»C was included. The PCR products were resolved by agarose gel 
eledrophoresis and the band corresponding to the ecpected size was cut 
ftom the gel and purified using QIAqurck Gel Extraction Kit (QIAGEN). 

I 

The different length of the Biotin and Ruoresceln idenfifler ollsonucleotide 
20 sequences (IS-1 and CIS-1 ) is used to verify that the blfonctional complex = 
with Biotin have been enriched througH the binding to strepfavidin. 
TWs example describes a sdectkm using two dPsrenlblfUncilonal com- H 

plexes. The same approach can be usM for larger libraries, at least up to * 
10^* different molecules. The same approach Is used when screening Ilbraiy 
25 versus library. In this case the taigets are encoded by different sequences i 
but with Identical coupling area. 

ninnlna/sBauena'na 

To sequence Individual PCR fragments Oie purified PCR products were 
30 doned into ttie pCR4-TOPO vector (Invltrogen) according to the manuteo- 
turer's Instnidlons. The resulting mixture was used for transformatfon of 
T0P10 E. coif cells (Invltrogen) using Standard proceAirss. The cells were 



I 
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plated on growth medium containing 100 pg/ml amplciHIn and laft at Sr^'C for 
12-16 hours. Individual £coff clones were picked and transfenBd to PGR 
wells containg 50 pi wat&t. These wells were then boiled for S minutes and 
20 pi mixture from each well was used In a PGR reaction using RTG PGR 
5 beads and 5 pmol each of M13 fonA^rd and reverse primers according to the 
manufa^urer'a instructions. A sample of each PGR product was then treated 
With Exonudease I (USB) and Shrimp Alkaline Phosphatase (USB) to re- 
move degrade single stranded DMA and dNTPs and sequenced using the 
DYEnamic ET cycle sequencing kit (Ameraham Biosciences) according to 
10 the manufacturer's instructtons ^nd tie reactions were analyzed on a 

MegaBace 4000 capillary s^uencer (Amersham Biosciences). Sequence 
outputs were analyzed with CorttlgExpress software (Infbmnax Inc.)/ 

Example 2: Library versus library 

15 A library of blfuncUonal complexes Is screened against another libraiy of en- 
coded peptides or proteins. E3camples of (^er encoded pepfides are nbo- 
some displayed peptides or mRNA displayed peptides. This example de- 
scribes the use of bifunctional complexes together with mRNA displayed tar* 
gets to perform library vereus library screening. Any other library, where the 

20 geno^fpa Is assodated v/Bh the phenotype, can be used together with bifuno* 
tional complexes as described in this invention. 

Afifeshly transcribed mRNA (0.5 - 2.5 nmol) is prepared from an appropriate 
library. The transcribed mRNA library Is hybridized to bloUnylated pliromycin- 

25 rmker (at>out 0.5 nmol) in 300 pt binding buffer (30 mM Tris, pH 7.0; 1250 mM 
NaCI) by heating to 85" C for 30 sec tbllowed by cooling to 4'' C in 5*min. 100 
pi pre-washed Neutravidin beads (Pierce) is then added to he hybriilization 
mixture and Incubated for 30 mih at4 ""C under nocking. Subsequent, ttie 
beads are washed in 3x 100 pi binding buffer followed by oentrifugation to 

30 remove the liquid phase. The moist beads were then irradiated for 1 5 min at 
room terTH^erature with a 25W UV-iamp (Pyrex-fDter. A > SOOnm). Subse- 
quently, the beads are washed vrith 100 pi plain water to yteid the photo- 
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crosslinked mFVJA-puromycin template which Is directly used for mRNAr 
peptide ftieion formation in rabbit reticulo<^ lysate to produce the nriRNA- 
proteln ftjsims library according to ttie literature (Kui2 et la.» Nucleic Acids 
Res. 2000, 28:83). The puromycln-linker Is also prepared according to Kuiz 
5 et al. and biofinyiated by cartiamate bond formation between the puromydn 
amino group (SO pM) and the photo-cleavablo biotln-reageni (NH3-PC-Biotin. 
5 mM, EZ*Link ™-BIotIn, Pierce Chemicals) in 25% DMSO/weter for 2 h at 
room temperature followed by NaCI/EtOH precipitation. 

10 The mRNA^peptlde fusion library is then converted by a suitable prfrner to 
oontain a coupling area. The coupling area Is formed a prfrner p^y com- 
ptementary to tiie distal region df the mRNA and which Is atde to promote an 
extenston or\ the mRNA strand with the coupling area. This coupllng aroa is 
then used in the selecKon proo^ure to couple the taiget ollgonucledtide with 

15 the tdentmer oligonucleotide mediated by the binding of displayed nrtdlecules 
to the mRNA-peptide fustona. 

1-100 pmol bifunctional complex library molecules are mixed with 1«*100 pmoi 
mRNAppeptide fusion library in a binding buffer (50 mM KCI, 10 mM Tris-HCI. 

20 pH 8.3, 1.8 miy/l MgCl2, 0.15 mM ATP. pH 7.4) for 1 hour to allow binding of 
the displayed molecules to the mRNA-peptide fusion molecules. The oonneo* 
tor sequ^tce (an oligonudeotlde the is complementary to the coupling area 
is then added at about 400 nM concentration to promote the connection be- 
tween the target and identifier oligonucleotides. Subsequently. 2 U T4 DNA 

25 Ifgase Is added to start the ligation. The reaction is kei^ at 30°C for 5 min and 
then SO^'C for 20 min. Amplificatibn of the llgated products is perfomied using 
a polymerase chain reaction (PGR) using primers corresponding to ihe 5-- 
end of ttie target oligonucleotide!and the 3*-end of tt^e identifier ollgbnudeo- 
tide. The primers are design to only amplify the ligated product. PCR^is per- 

30 formed using Ready-To-Go (RTG) PGR beads (Amensham Biosderides) and 
10 pmol eadtx primer m a rsacQoh volume of 25 pi. The pCR reaction con- 
sists of an initial denaturation step of 94'*C for 2 minute followed by 20-45 
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cycles of denaturatlon at 94°C for 30 seconds, annealing at 58*'C tidr 1 min- 
ute and extension at 72''C for 1 tnlnute. A finsd extension step of 2 rirdnutes at 
72''C was Included. The PGR products are resolved by agarose gel electro- 
phoresis and the k>and oonBSpondlng to the expected size Is cut from the gel 
5 and purified using QIAquIck Gel Extraction Klt(QIAOEN). 

The invention has been deiscrflbed in detail v^th reference to prefenned em* 
bodimente thereof. However, it will be appre<%ted that these skilled in the 
art, upon consideration of this disclosure, may make modifications and Im- 
10 provements within the spirit and scope of the invention. 



V 
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Claims 

1 . A method for identtfying display molecule(8) having affinity towards 
molecular target(s)» comprising the steps of 

mixing one or more molecular target(s) assodated with target ollgonu* 
5 cleotide{s) and a library of btfUnctlcnal complexes, each bifuncttonal corhplex 
of the library comprising a display molecule attached to an Identifier oElgonu- 
daotide. which codes for said display molecule, 

coupling to tiie target oligonucl6otide(y) the identifier oligonucleotide 
of complexes comprising display moleculea binding to the target and 
10 deducing tfie identity of the binding display molecule(8) and/or the mo- 

lecular target(s) from the coupled product bebveen the identifier dlgonudeo- 
tide(8) and the target ollgonudeotide($). 

2. The method of daim 1 » wherein the display molecule is a reaction 
product of two or more chemical entities and the identifier oligonucleotide 

15 comprises codons identifying the chemical entities. 

3. The method of daim 1 . wherein one or more members of tiie iibfary 
are potentially binding compounds tagged with identifier oligonudeoUd??. 

4. The method according to ctalm 1, 2 or. 3, wherein the chemlcat enti- 
ties are precursors for a structural unit appearing In the display molecule. 

20 5. The mefliod according to any of the claims 1 to 4, wherein some or 

all of tiie chemiral entities are not naturally occuning a-amino adds or pre- 
cursors thereof. 

6. The method according to daim 1 or 2, wherein each wdon conv 
prises 4 or more nucleotides. 
25 7. The mettiod according to claim 1 or 2, wherein the display molecules 

of the library complexes are norHx-polypetides. 

8. The mettled according to daim 1 to 4» wherein the display molecules 
of the library complexes are non-nudeic adds. 

g. The metiiod according to any of the preceding claims, wherein the 
30 display molecule has a molecular weight less than 2000 Dattan. preferably 
less than 1000 Dalton, and more imfsrred less than SOO Oalton. 
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10. The method according to any of the pnsceding daimsi wherein the 
identifier oligonucleotide uniquely tdentiflee the display molecule. 

11. The method according to any of the claims 1 to 10, whereln|one or 
more chemical entities are transferred to the nascent display moiecole by a 

5 chemical building block lurther comprising an anti-codon. ' I 

12. Tho mothod aooording to deim 11, wherein the information of tho 
anti-oodon is transferred In conjunction with the chemical entity to the nas- 
cent complex. " * 

13. The method according to any of the preceding dalms, wherein the 
^ 10 chemical enfitles are reacted without ena^atic Interaction. 

14. The method according to any of the claims 1 to 13, wherein the 
codons are seperated by a framing sequence. 

15. The method according to any of the claims 1 to 14. wherein the dis- 
play molecule and the identifier ol^onudeotide are joined by a selec^ely 

15 cleavable linker. 

16. The method according to claim 15, wherein the linker is cleaved by ir- 
radiation. 

17. The method aocordir^ to any of the claims, wherein the Ibrary com- 
prises one. two or more difiererit complexes. - ^ 

20 18. The method according to any of ttie claims 1 to 1 6, vi^ereiri the li- 

tsrary comprises 1 ,000 or more different complexes. ' - 

19. The method according lb claim 1. wherein the molecular target is of a 
I bk)l(^!cal origin. ! ' 

20. The method according to any of the claims 1 to 19, wherein the mo- 
25 lecular target is immobilized on a solid support 

21 . The method according to daim 20, wherein the target immobilized on 
the support forms a stable or qtiast-stobfe disperson. 

22. The nrtethod according to daim 21 , wherein a cleavable linker is pre- 
sent behraen the solid support and the molecular target. 

30 23. The method according to any of the claims 1 to 22, wherein the mo* 

lecular target Is a Funot^n. 



ii 
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24. The method according to dalm 23, wherein the protein Is selected 
from the group oonsisiing of kinases. proteaeeSp phosphatases, and anti- 
bodies. 

25. The method according to any of the claims 1 to 24. wherein the mo- 
5 lecular target is a nucleic acid. 

26. The method according to dalm 24, wherein the nucleic acid is an, 
DMA or RNA aptamers. - « 

27. The mettiod according to any of the itaims 23 to 26, wherein the tar- 
get protein Is attached to the nucleic add responsible for the formal * 

I 10 thereof. i 

28. The method according to any of the dalms 1 to 27» wherein the mbc- 
ture step Includes that a molecular target library comprising different peptides 
each attached to the rujcleic acid responsible for the formation thereof is 
mixed witti a library of complexes. 

15 29. The method according to claim 28, wherein the library of complexes 

comprises a single bifunc^onal complex. 

30. The method according to any of the claims 1 to 29« wherein the tar- 
get oligonucleotide Is assodated by a chemical synthesis to the mdecular 
target 

20 31. The method according to dalm 30. wherein the molecular target is 

assodated with the target oligonudeofide through one or more covalent or 
nonn^ovalent t>onds. i 
I 32. The mediod according to any of the daims 1 to 31 , wherein a blftinc- 

tional complex having a display mole^cule binding to the moleojlar target ; 

26 constitutes the target oligonudeotide assodated with the molecutar target 

33. The method according to dalm 32, wherein the display molecule is a 
compound known to bind to the target 

34. The method according to dalm 33, wherein a target is saturated with 
a Icnown ligand prior to the mixing step. 

30 35. The method according to daim 34, wherein the target oligonudeotide 

Is assodated with the molecular target during the mixing ^tep. 
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36, The method according to daim 35, wherein two biftmclional com- 
plexes of a library of tHfunctlonal complexes are assodated wHh a common 
molecular target. 

37, The method of daim 36, wherein the bifuncflonal complexes bind to 
5 the same binding site of the molecular target 

38, The method of any of the daims 31 to 38, wherein the bifuncflonal 
complexes bind to discrete binding sites. 

38- The method according to any of ttte fireceding claims, wherein an Ini- 
tial ligand or a pool of Uganda v^th potential affinity towards a target is 
10 amended by reaction with one or more chemical mtities to form a second 
generation library, said second generation library being used in the method 
according to any of the claims 1 to 39. 

40. The method according to any of the preceding claims, wherein two or 
more targets interacting in a biological context separately are subjected to 

15 the method of daim 1 , whereupon the identffled display molecules binding to 
the two or more taigets are Rnlced via a suitable linker • 

41 . The method according to any of the dalms 1 to 40. wherein two or 
more molecular targete or of moiecular targets are involved In the mbc- 
ir^ step and the target oligonucleotide identifies the molecular targets or the 

20 type of moleculdr targets. 

42- The method according to any of the dalms 1 to 41 , wherein the mix- 
ing step Includes the removal of non43inding library members prior to the 
coupling of the target oligonudeotlde and the identifier ollgonudeotide to- 
gether. 

26 43. The method according to any of the previous claims, wherem the 

target ollgonudeotide and/or the identifier oligmudeotide partly or fUIly is 
hybridised to a oomptemenling oKgonudeotide. ; | 

44. The method according ^ any of the daims 1 to 43» wherein the cou- 
pling Is psrformed using meansj selMled frwn the group oonristingi irf chemJ- 

30 cal means, enzymatic means, and design means. 

45. The method according to any of the dalms- 1 to 44, wherein the tar^ 
get ollgonudeotide or a complementing tairget oitgonudeotide and the identi- 
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fier oligonudeotldd or a complementing identifier ol^onudeotldd operetlvely 
are joined together eo as to allow for a polymerase to recognlee the coupled 
strand as a template. 

46. The method according to any of the preceding dalms, wherein the 

5 enzymatic means are selected from enzymes of the type polymerase, ligase 
and restriction enzyme, and any conibinaliun ihereoL 

47. The method according to claim 46, wherein a ligase is used to Join 
the target oligonucleotide and the identifler dngonudeotide together. 

48. The rnethod of daim 47, wherein a connector oligonudeotlde having 
10 a region complementing a distal part of the target oligonucleotide and a re- 
gion complementing a distal part of the identifler oligonudeoHde Is used dur- 
ing the coupling step so as to allow a ligase or a combination of a lipase and 
a polymerase to Join the identifter and target oBgonudeotldes together. 

49. The method according to dalm 48. wherein the ends of the bllgonu- 
15 decQdes abut each other. ,\ 

50. The method according to dalm 49, wherein the region of the connec- 
tor oligonudeotlde complementing a distal part of the identifler and/or target 
oligonudeotlde Is 6 to 16 nucleotides. 

51. The method according to daims 49, wherein the region is 8 to 12 nu- 
20 deoUdes. 

52. The method according to daim 48, wherein the connector oligonu- 
deotlde Is added In excess. 

53. The method according to any of the dalms 1 to 46, wherein a region 
at me distal ends of the target and identifler digonudeobdes are complemen- 

25 tary to eadi other and a polymerase is allowed to extend ttie target and/or 
the identifier oligonudeotlde. ^ 

54. The method according to any of the daims 1 to 47. wherrfn the tar- 
get ollgonudeotide and/or the idenfifler oligonudeotlde is prodded a 
sticky end to aflow a ligase or a ^polymerase or a mboure thereof to iMjoin the 

30 oilgonudeotldes. ^ 

55. The method according to dalm 54, wherein the sticlv ©nd ls,fenmed 
by a restricUon nuclease. 
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56. The method according to any of the chasms 1 to 55, wherein the tar- 
get and the Identifier oilgonucleeoOde or sequences oomplementaiy diereto at 
the proximal end is p^o^rtd6d with a printing site. 

57. The method according to any of the claims 1 to 56. wherein the tar- 
5 gevdisplay conjugate Is recovered by chromatography following the coupling 

of the target and the identifier ollgonudeuUUc;^* 

58. The mettiod according to claim 57. wherein the chromatography is 
size-exclusion chromatography. 

59. The method according to claim 1 , wherein the coupled identifier and 
10 target oligonudeofide is amplified prior to decoding the identity of the display 

molecule. 

60. The method aocoixfing to any of the claim 1 , wherein the coupled oli- 
gonucleotide Is amplified t>y PCR using primir^ sites positioned pro3fimal to 
ttie display molecule and the molecular target, respectively, ; j 

15 61 . The method according to dalm 59, wherein selective deavable 

chemical moieties In each end of the coupled oligonucleofldes are cl.eaved to 
liberate the coupled ollgonudeotlde prior to amplification. \ ' 

62. The method according to any of the daims 1 to 61 , wherein tite cou- 
pled oligonucleotide is recovered and subjected to amplification. 

20 63. A Gonjugato comprlsir^ a mcdecular target assodated with ah oli- 

gonudeotide and a bifunctional complex comprising a display molecule at- 
tached to an identifier oligonudeotide, which codes for said display molecule. 

64. The conjugate of daim 63, wherein the display molecule is bound to 
the target 

26 65. The conjugate according to dalms 63 or 64, wherein the target oli- 

gonucleotide and/or the identifier oligonucleotide are joined to the molecular 
target and/or the display molecule, respectively, through a selecfively deav- 
able link. 

68. The conjugate according to any of the dalms 63 to 65. wher^n the 
30 target ollgonudeotide is coupled to the identifier ollgonudeotlde. ; ] 

67. The conjugate according to dalms 66. wherein flie coupled ijlgonu- 
deotide is amplifiable. ' ' ' 

• "i • 
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68. A display molecule identifled 1^ the method according to any of the 
claims 1 to a2. 

1 M 



• i 
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Abstract 

The invention provides e method for selecQng compounds which binds to a 
target More specificaliy, the Invention relates to a method in which a target 

5 associated with an oligonucleotide Initially Is mixed with a library of com- 

ploxos, each complex comprising o display moleoute and an oligonuolBotide 
identifying said display molecule. Nestt, due an Increased proximity, the target 
oligonucleotide coupled to the identifier oligonucleotide of complices hav- 
ing a display mole<^le with afRnity towards the target In a final ^e the 

10 coupled nucleotides are analysed to deduce at least the identic of the dis* 
play molecule. 
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